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The  annual  report  of  the  Board  of  Regents  of  the  Institution  for  the  yeat 
ending  June  30,  1804. 


Smithkunian  Institution, 

WathingloH,  V.  V.,  July  1, 18'M. 
To  the  Oongresa  of  the  United  States: 

la  accordance  with  Bectiou  6693  of  tbe  Keviaed  Btatntes  of  the 
United  States,  I  have  the  honor,  in  behalf  of  the  Board  of  ICegentB, 
to  snbmit  to  Congress  the  animal  report  of  the  oi>eratioD8,  expend- 
itures, and  condition  of  tbe  Smithsonian  lustitntiou  for  the  year 
ending  Jane  M,  1894. 

I  have  the  honor  to  be,  very  respectfnily,  your  obedieut  servant, 
S.  P.  Langlbt, 
iSecretary  of  Smithsonian  Institution. 
Hon.   ADLAI  B.   StBVENSON, 

iVmitenf  of  the  Senate. 
non.  Chablbs  F.  Cbisp, 

r  of  the  House  of  Kepresentativts. 
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JOURNAL  OF  PROCEEDINGS  OP  THE  BOARD  OF  REGENTS  OF 
THE  SMITHSONIAN  INSTITUTION. 


ANNttAX  MEETIHa  OP  THB  BOABH  OP  RbgBNTS. 

January  24, 189 

In  accordance  with  a  reeolation  of  the  Board  of  Itegeots  adopted 
January  8, 1890,  hy  which  itn  stated  annnal  meeting  occars  on  the  fourth 
Wednesday  of  Jaoaary,  the  Board  met  to-day  at  10  o'clock  a.  m. 

Present:  The  Ghanoellor  (the  Uon.  M.  W.  Fuller),  in  the  chair;  the 
Vice-Preaident  (the  Hon.  A.  B.  Stevenson),  the  Hon.  J.  S.  Morrill,  the 
non.  S.*M.  Gnllom,  the  Hon.  George  Gray,  the  Hon.  Joseph  Wheeler, 
the  Hon.W.C.  P.  Breckinridge,  the  Hon.  B.  B.  Hitt,  Dr.  James  C. 
Welling,  Dr.  James  B.  Angell,  and  the  Secretary,  Mr.  S.  P.  Laogley. 

Kscnses  for  nonattendance  were  read  from  Dr.  William  Preston 
Johnston  and  the  Hon.  J.  B.  Henderson,  on  account  of  illness,  and  from 
Dr.  Henry  Copp^  on  account  of  pressing  business  engagements. 

At  the  Chancellor's  snggestion,  the  Secretary  read  in  abstract  the 
minates  of  the  last  meeting,  wbicb  vere  approved. 

The  Secretary  then  announced  the  following  changes  in  tbe  Board 
of  Kegents  since  the  last  meeting: 

Tbe  term  of  Senator  George  Gray  having  expired,  he  was  on  March 
20,  1893,  reappointed  Regent  by  the  Yice- President. 

Bepresentative  B.  B.  Hitt,  who  was  on  Angnst  11, 1893,  appointed 
by  the  Speaker  of  the  Honae  of  Representatives  to  fill  the  vacancy 
occasioned  by  the  resignation  of  Mr.  Lodge,  was  on  January  4, 1894, 
reappointed.  Tbe  terms  of  Bepresentative  Breckinridge,  of  Kentucky, 
and  Wheeler,  of  Alabama,  having  expired,  they  also  were  reappointed 
Begents  by  the  Speaker  on  January  4, 1894. 

Tbe  Secretary  presented  his  annnal  report  to  the  Board  of  Begents 
for  the  year  ending  Jnne  30, 1893,  with  a  few  remarkH  concerning  the 
increase  in  the  activities  of  the  Institution,  doriog  which  he  called 
attention  to  its  recent  contributions  to  science,  made  in  its  Astro- 
physical  Observatory;  and  also  to  the  present  largo  number  of  cor- 
respondents, of  which  there  were  nearly  24,000,  scattered  througboot 
the  whole  globe. 

On  m,otion  the  report  was  accepted. 

Dr.  Welling,  on  behalf  of  his  colleagues,  presented  the  report  of  the 
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for  it,  declaring  tUat  the  Board  will  ac-cept,  and  expressing  its  appreci- 
ation. 

The  Secretary  recalled  the  attention  of  the  Board  to  the  fact  that  at 
the  last  meeting  he  had  stated  that  he  had  been  informally  advised  by 
Dr.  Chambers,  the  execator  of  Mr.  Hodgkins's  estate,  that  the  latter 
bad  placed  in  the  haods  of  a  Ifev  York  tmBt  company  certaiu  bonda  to 
be  contribnted  after  Mr.  Hodgkins's  death  to  the  nnrestricted  portion 
of  his  donation  to  the  institntioD;  and  that  the  Begents,  with  this 
anderstanding,  had  aathorized  the  Secretary  to  add  to  this  certain 
accnied  interest  and  to  deposit  the  same  with  the  other  foods  of  the 
institntion  in  the  Treasory,  making  the  Hodgkins  donation  thns  placed 
in  the  Treasury  (250,000,  of  which  the  income  of  (100,000  was  for  the 
special  parpose  of  the  increase  and  diffiision  of  knowledge  respecting 
the  properties  of  atmospheric  air  as  beneficial  to  man,  and  $150,000 
withont  restriction. 

The  Secretary  had  to  state  that,  while  he  had  received  the  bonds,  he 
had  not  thoaght  himself  justified  in  making  this  deposit  in  the  Treas- 
niy  without  farther  inRtroctioaa  frotn  the  Regents ;  and  for  this  reason, 
that  it  appeared  that  the  execntor  had  been  misinformed  as  to  the  con- 
ditions under  which  they  were  left,  for  wheu  the  Secretary  was  called 
upon  by  the  tnist  cxtuipany  to  actually  receipt  for  the  bonds  it  was 
fonnd  that  Mr.  Hodgkins  had  given  them  to  form  a  portion  not  of  the 
nnrestricted,  bnt  of  the  restricted  part  of  hia  gift. 

The  Secretary  read  a  comraanication  from  the  surrogate  of  the  court 
of  Suffolk  County,  N,  Y.,  giving  a  statement  of  the  condition  of  the 
Hodgkins  property,  aod  he  read  also  a  statement  snbmitted  by  the 
executor  concerning  the  residuary  estate,  and  he  asked  instructions  of 
the  Begents  as  to  whether,  under  existing  circumstances,  he  should 
deposit  the  amounts  referred  to  in  the  Treasury,  or  should  continue  to 
hold  the  bonds,  or  whether  he  shonld  take  other  action. 

After  some  further  discussion.  Dr.  Angell  read  the  following  resolu- 
tions: 

IU*olB«d,  That  the  exeontire  committee  and  th«  Secretary  are  hereb;  constituted 
a  pennaiMtit  committee,  with  aathorit;  to  accept  for  the  InntitntioD  aoy  property, 
Mai,  perHonatiOr  mixed,  that  may  be  given  to  it  for  its  parpoecn,  "the  inciesae  and 
diffnsioD  of  knowledge  among  men,"  with  power  to  sell  or  to  convert  snch  property, 
and  to  invest  the  prooeeda  in  auch  manner  as  may  appear  to  tbem  for  the  interests 
of  the  Institution;  Frorided,  That  nodeposit  bemadeofsDcb  proceeds  with  the  per- 
manent fnnd  in  the  United  States  Treaanrj  other  than  by  special  resolntion  of  the 
Begents. 

Sttohed,  That  the  inoome  derived  fTom  the  property  administered  by  the  com- 
mittee coDStituted  by  the  preceding  resolution  be  appropriated  for  the  service  of 
tbe  Institution,  to  be  expende<l  by  the  Secretary  under  the  conditiooe  of  the  resoln- 
tion relative  to  income  and  expenditures  adopted  by  the  Board  of  Regents. 

BaolMd,  That  the  Secretary  is  authorized  to  deposit  in  the  United  States  Treas- 

or;,  at  6  per  cent  interest,  under  the  terms  of  section  5591  of  Titl«  lxxiii  of  the 

Revised  Statutes  of  the  United  States,  such  earns  of  money  as  may  lie  placed  uure- 

itrictedly  at  the  dispoeition  of  the  Institution  not  exce«<ling  f97,00(i. 

On  motion  of  Senator  Gray  the  resolutions  were  adopted,  .  , 
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ilEPORT  OF  THE  EXECUTIVE  COMMITTEE  OF  THE  BOARD  OF 
REGENTS  OF  THE  SMITHSONIAN  INSTITUTION 


Fob  the  Ybab  Kndinq  June  30, 1894. 


To  the  Board  of  Regents  of  the  Smithsonian  Institution: 

Yoar  executive  comuiittee  respectfally  sabmits  the  following  report 
in  relation  to  the  funds  of  the  IcstitatioD,  the  appropriaUoDS  by  Cou- 
gress,  and  the  receipts  and  expenditares  for  the  Smithaonian  lostitu- 
tioD,  the  U.  S.  National  Mnseam,  the  International  Exchangee,  the 
Bureaa  of  Ethnology,  the  National  Zoological  Park,  and  the  Astro- 
physical  Observatory  for  the  year  ending  Jane  30, 1894,  and  the  bal- 
ancea  of  former  yearB : 

SMITHSnNIAN   INSTITUTION. 

Condition  of  the  fund  July  1, 1894.    • 

The  amount  of  the  beqnest  of  .Tames  Smithson  deposited  in  the 
Treasnry  of  the  United  States,  according  to  act  of  Congress  of  AngiiHt 
10, 1840,  was  $515,169.  To  this  was  added,  by  antliority  of  Congress, 
Fehrnary  8,  1867,  the  residnary  legacy  of  Smithson,  savings  from 
income  and  other  sources,  to  the  amount  of  tl34,831. 

To  this  also  have  been  added  a  bequest  from  James  Hamilton,  of 
Pennsylvania,  of  *1,000;  a  beqnest  of  Dr.  SimeoD  Habel,  of  New  York, 
of  t^WO;  -the  proceeds  of  the  sale  of  Virginia  bonds,  961,600;  a  gift 
from  Thomas  G.  Hodgkins,  of  New  York,  of  «200,000  and  98,000,  being 
>v  portion  of  the  residnary  legacy  of  Thomas  G.  Hodgkins,  making  in 
all,  as  the  permanent  fiind,  9911,000. 

The  Institntion  also  holds  the  additional  snm  of  9^,000,  received 
upon  tiie  death  of  Thomas  G.  Ilodgkins,  in  registered  West  Shore 
Kailroad  4  per  cent  bonds,  which  wore,  by  order  of  this  committee, 
under  date  of  May  18, 1894,  placed  in  the  hands  of  the  Secretary  of  the 
Institntion,  to  be  held  by  him  subject  to  the  conditions  of  said  order, 
to  which  the  attention  of  the  Board  is  called. 
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EEPORT   OF   THE    EXECUTIVE   COUHnTEE.  XVH 

Xhe  net  expenditures  of  the  iDstitntion  for  the  year  ending  June  30, 
iM,were  therefore  961,442^,  or  $6,019.15  lees  than  the  gross  espendi- 
rea,  $67,461^  as  above  stated. 

^11  moneys  received  by  the  SmithsoniaD  Institution  from  interest, 
les,  refunding  of  moneys  temporarily  advanced,  or  otherwise,  are 
'posited  with  the  Treasurer  of  the  United  States  to  the  credit  of  the 
!<Tetar^  of  the  Institatioii,  and  all  payments  are  made  by  his  checks 
I   the  Treasurer  of  the  United  States. 

Vonr  committee  also  presents  the  foltoving  statements  in  regard  to 
vpropriations  and  expenditures  for  objects  intrusted  by  Congress  to 
■e  care  of  the  Smithsonian  Institntion: 

INTERNATIONAL  ESCSASGES. 
Rrtxiptt. 

pproprifttod  b;  CongreM  for  th«  fisc&l  jear  ending  Jane  30,  1S94,  "  for 
«xpeiiM«  of  the  aysMmoriDtcmatioiiBl  excbaDgee  b«t««eu  Ui«  United 
Stated  And  foreign  countries,  nnder  the  direction  of  the  Smithsonian 
Institntion,  inclndiog  sklafies  or  fmmpensation  of  all  necesHary 
employees  (eandry  ciTil  Mt,  Mkrch  3,  1893) «U.500.00 

Eiptndilurew/rom  July  1,  189S,  to  Jane  SO,  1S94. 

klarios  or  compennation : 

1  GDralor,  12  months,  at  CiSS *2,700.00 

1  clerk,  13  months,  at  fieO 1,9'M.OO 

lcl«rk,  12  months,  at  •130 1.MO.O0 

1  clerk,  1  month,  at  «90 90.00 

1  clerk,  12  months,  at  »85 1,080.00 

1  clerk,  2  months,  at  «83. 33 166.68 

1  clerk,  13  months,  at  *80 960.00 

1  clerk,  12  months,  at  »75 900.00 

Iclerk,  13  months,  at  $75 900.00 

Iclerk,  12  mouths,  at  t65 780.00 

1  clerk,  1)  mouths,  at  945 67.50 

1  messenger,  2  months,  al  $20 40.00 

1  packer,  13  months,  at  460 600.00 

1  laborer,  313  days,  at  tl.50 469.50 

1  agent,  6  months, at  t83.331 500.00 

I  Bgeut,  6  months,  at  «50 300.00 

Total  salaries  or  compeiuiation $12,853.66 

General  expenses: 

Freight 1,138.60 

Packing  boxes 333.00 

Printing  and  binding 12.00 

Postage 60.00 

Ststionery  and  supplies 77.32 

1,«20.92 

Total  expenditare  from  Jul;  1,  1893,  to  June  30, 1891 (14,474.58 

Balance  Jnlfl,  ISM,  to  meet  ootstanding  liabilities 35.42 

mXERHATIOtlAL  EXCHANGES.  ISM. 


Hslance  as  per  last  report,  July  1, 
8M  94 II 


•1.282.23, 
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PrrrtfkgaMi  Uading 
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BaUuM  JoIt  1,1891 

NORTH  AMBBICAM  ETHKOLOGT- 

Appropriktion  by  Congraw  for  the  fi«e»l  y«»t  ending  Jone  30,  189*.  "f« 
coDtiDning  ethnoloffical  researcbM  amang  Uie  Americm  IndiMiB, 
under  the  direction  of  the  SmiUiMiniui  Institation,  iDclndJng  »»Unee 
or  compeiuatioD  of  neceenMj  employeee,  tlO.OOO,  of  which  laio  no* 
eiceeding  tl.OOO  m«y  be  used  for  rent  of  bnilding"  (mindiy  civU  aet. 
M3rch3,1893) ^n"  509  - 

Balance  July  1,1893,  M  pet  iMt  report ^ 

50,509. 

Th»  aanal  eoodoet  of  them  inveBtigations  has  been  continued  by  the  Pecrrtar? 
in  the  hand*  of  Haj.  J,  W.  Powell,  Director  of  the  U.  S.  G«ologic»l  Surrey. 

Erpenditum  Jutg  1, 189S,  to  J**t  SO,  1834. 

S>larie*  or  vom)iriiiiation :  ^^ 

1  •:thnul»Kut,«n>onthK,  ntr200;  6montbe,  at  H25 **"^ 

3  «*i)0..1<>steM,  12  monthH,  at  $150 ^  *";■ 


I 


1.999.« 


'>^tsu,  12  monthH,  at  $150. . 

I  FdiBolue>«t,  12  nutnths,  at  «166.li6 «»«  1 

]  «tiii>olt>^.  12  monthi,  at  •133.33 I,  5W-*  , 

1  *llun>luEist.  12 mwnUu,  at  $250 ^*''''''^. 

J  «Jju..lt>eiBt.  12  months,  at  1275 3,300."  ^ 

l*ll.u«lt.giW,liu*outh»,  at»200 2,  MC.'^ 

l»»irtjMjmiUnuk*^l.emonthR,  at  $116.66 ffl9.*  . 

2  »».iBtu,ut  *niijw>l«gL-U.  12  montbi.  at  $100 3,«O0." 

I  *f.;L»K,li>giBl.  ]]  luutitha,  »t  riiage 2.383-- 

J  «i.ln.^luKi«.  12  luvuilm,  at $133.33 1,5»* 

1  l»-isUi..l  iittL»«loKJi>t.  4  mwiths.  at  $100 *"*" 

1  clwk .  7  luuiiUie,  at  WW ;  1  «lerk,  5  months,  at  f75 ^^  " 

1  fiifk.  iumutlu*,  irt  eao ; 1*- ' 

I  tw^.«  luwuiw.mtii.'; w' 

]  .-Ua-li.liuwutlm.atr" *W-"' 

Z'Wkf,  l^iuuutii-.  a.t  Sl'W iW*-"' 

1  tVrii.  i2iiH*tLi!,  W  WJO -  T»* 

J  HtMiVKDipliBi',  l^iuoulbn,  nt  1133.33 1.59S.* 

I  Bf-iwjt'al'Uir,  1  iDvutL.  at  fW ^''' 

l.■»y^l^^.f,moUtii•■.»lr/> ^'l 

1  wf[t,t  i»1.Su>uul.li>..  Zy  "lull-,  at  MO 3S-^ 

J  Hvu'l.iler,  12  UKHiMf.  M  Vi" ■W'"' 

I  BjiHi»eii|d"r.  1  moll  lb.  at  $'/> ^ W'' 

1  uumfceu^ef,  1  UKHitL,  It  <!»;>',  at  tWJ 'i'-'' 


1    LtLlxfC,  ' 

1  ul'V"'.  ' 


TiHaI  ()«Jim-u»  w  M>uii>«wiMLoij SRSeJ." 
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REPOET  OF  THE  EXECUTIVE  COMMITTEE.  XIX 

M  isceUaueona : 

Dnwioga $1,026.40 

Field  expenses 175.39 

Field  material 259.07 

Freight 2W.30 

MisceUaneoiu 1,080.05 

Office  rental 916.63 

Pnblicfttione 457.43 

BpecimsnB W5.25 

Stationery 388.72 

SnppUea 491.16 

Traveling  eipeiiBM 2,363.38 

t8,29e.TJ 

Total  expenditure  to  June  30,  1894 45,255.51 

Balance  July  1,  1894 5,253.78 

NATIONAI.  MUSEUM. 

Pbbskkvatiun  of  UoLLKCTioNS,  July  1,  1893,  to  Jvhk  30,  1894. 


AppTopriatioD  by  Cangrees  for  tlio  fiscal  year  ending  June  30,  1894,  "  for 
continuing  tbe  preservation,  exhibition,  and  increase  of  the  collections 
&oin  tho  enrveying  and  exploring  expeditions  of  the  Government,  and 
ftotn  other  sonrcM,  Includiug  salaries  or  couipensation  of  all  neueasary 
employees  (sundry  civil  act,  March  3,  1893) «132,5O0.00 


£zp«i(ItlHrsi. 


1  oQftitor  (in  charge),  13  months,  at  $325 93,700.00 

3  curators,  13  months,  atS200 7,200.00 

1  curator,  12  months,  at«175 .: 3,100.00 

1  ouratoi,  7  months  8  days,  at  (155 1,129.29 

1  curator  (acting),  12  months,  at  $140 1,680.00 

1  curator,  11  months,  at  $100 1,100.00 

1  aseiatant  cntator,  12  months,  at  $166.66 1,999.92 

1  Msistant  curator,  12  months,  at  (150 1, 800. 00 

1  assistant  curator,  12  months,  at  $125 1, 500. 00 

1  assistant  curator,  10  mouths  16  days,  at  $120 1,267.32 

1  assistant  curator,  6  months,  at  $100 600. 00 

1  aasislont,  2  months  16  day s,  at  $80 200. 00 

1  aid,  12  months,  at  $100 1, 200. 00 

laid,  13 months,  at $80 960.00 

1  aid,  3  months  15  days,  at  $80 278.71 

1  aid,  5  months  24  days,  at  $75 433. 06 

1  aid,  4  months,  at  $60;  6  months  15  days,  at^ 564.19 

1  aid,  9  months  18  days,  at  $50 480. 00 

1  aid,  9  mouths,  at  $50 ;  3  months,  at  $40 570. 00 

laid,  1  mouth  5  days,  at  $10 46.15 

27,tl08.94 
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'•'lerk.  LfDMUitiu..  ktRrC^O CS.25aoO 

'  rf diriMon.  I  ■MMtks.  M  M»;  8  mntk^  st  »I(».  2, 180.  00 

itrw,  UnoDih^  >t  «t58  JS 1.899  96 

jniDX  rlerk,  13  OMMtAa,  at  f  100 l,30aoo 

iniit  libnriaa,  ISawratba.  mt  (100 1,390^00 

ilcrBpliPr,  LimonUia.  mX  MS L  090. 00 

H^Tuphi-t,  1^  muDtha,  kl  eO fiOIXOD 

,,  llj  miiiitlu,  attlS L 500. 00 

•,  ILitiiuDlh*,  stfllS 2.7S0.OO 

..  |-iini>iilbi>,at»IOO S.WO1OO 

.,  VJ  miiiittiK,  mt  fW 2.100.00 

,%iiiiiiitli<i,att»n;  3iiioiithB.UI7D 600.00 

,  IJ iilia, atlKI.SS 399.96 

.  ; mill.  BirrS;  5  moDtliK.  at  ISO 7T3.00 

..  |-J.i,..iillit.«t»:i) 1,680.00 

.   iJ  i.i.iiilli>.  alHiO 2.iaXOO 

,  II  il")!..!!!  urn  iH-r  month 2T.  lO 

i..  iL>ii„.iiii»>.  ai  f^^-.-. uaaaoo 

■jf  ^;•\•^.lit  *.'•...  *t:',i=S;  2»(la.vB.  at  K".  $43.17;  9 
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'  ' '  „',i,,  T,  »■(-,     sio.fla 

' 1  .  .„  »-f, StSL.M 

I,"    ,|.„.  .„»■<■,      *2.» 

'  '  I  '  ,',,  .-T 79a M 

'  "'  „                     Maw 

. «f 

«,     -   .„,,„t1-*  -il  !Wi 9aO.no 

.-■'-■'•  ''^_^^^                     insaoo 

'■     ■'■    ■     ■■'  _'\''                       ....        SKLM 

•'■         ■'     ■■"    '   ■  '/,^  ^,  t,;,,  ^.^N. 4(li.l« 

■',,,.„,  il  ■„,     S.=«i,00 
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REPORT  OF  THE  EXECUTIVE   COMMITTEE.  XXI 

pJariBB  or  compensation — Continued. 

1  taxidermist,  12  months,  atf60 1720.00 

1  taxidermist,  3  moatbB,  at  S60 180.00 

1  aaBifltant  taxidormist,  3  months,  at  $40 120.00 

$13,429.48 


1  Buperintendent,  12  months,  at  $137.50 1,650.00 

1  aaaisMnt  enperintondent,  12  months,  at  $100 1, 200. 00 

1  chief  of  watoh,  12  months,  at  $65 780.00 

I  chief  of  watch,  11  months,  26  days,  at  $65 769.52 

1  watchman,  12  months,  at  $65 780.00 

10  watcbmeo,  12  months,  at  $50 6,000.00 

1  watchman,  11  inonthe  29  days,  at  $50 598. 33 

1  wat«hman,5uouths26daya,at$50;  5moDlhs,at $45..  666.94 

1  watchman,6  monthe.at^O 250.00 

1  watchman,  23  days,  at  $50, $37. 10 ;  25  days,  at $60,  $40.32; 

10  months,  at  $50,  $500 577. 42 

1  watchmBn,23dayB,at950,$37.1D;25days,at$50,$40.32; 

20  days,  at  $50, $33.33;  2  inooths,  at  ^0,  $100 210. T5 

2  watchmen,  12  months,  at  $15 1,080.00 

1  watchman,  II  months  26  days,  at  94& 632.74 

1  watchman,  6  months  15i  days,  at  $45 292.50 

1  watchman,  9  months  19  days,  at  $45 433.50 

1  watchman,  5  months  17  days,  at  $45 249.68 

1  watchman,]!  months  30 days, at  $40 478.71 

1  watchman,  11  mouths  26  days,  at  $40 473.55 

1  watchman,  8  days,  at  $40,  $10.67;  28 days,  at $40, $36.13; 

Smooths,  at  $10,  $320 360.80 

1  watchman,  6  months  19  days,  at  $40 261. 52 

I  watchman,  18dBy8,at>40, $23.23;  30 days,  at$40, $38.71; 

6  months,  at  $40,  $200 261.94 

1  watchman,  1  month  27  dayn,  at  $40 76.00 

1  skilled  laborer.  It  months  29  days,  at  $60 716. 13 

1  skilled  laborer,  12  months,  at  $52 624. 00 

I  skilled  laborer,  1  month,  at  $46.50;  7  montha  14  daye, 

at  $45 384.00 

1  skilled  laborer,  16  daye,  at  $45 23.23 

1  laborer,  1  month,  at  ^2.50;  2  months,  at  $51 ;  1  month, 

at  $49.50;   2  months,  at  $18;  3  months,  at  $46.50;  3 

months,  at  $45 571.60 

1  laborer,  2  months,  at  $47.50 ;  4  months,  at  $46 279.00 

1  laborer,  1  month,  at  $47.50;  1  month,  at  $46;  1  month 

at  $41.60;  9  months,  at$40 495.00 

llaborer,  Imonth,  at$46.50;  253  days,  at  $1.50 426.00 

1  laborer.  1  month,  at  $46;  273  days,  at  $1.50 461.50 

llaborer,  1  month,  at  $13.60;  3  mouths, at $40;  11  days, at 

11.50 ■,...  180.00 

6  laborers,  12  months,  at  $40 ?,880.00 

1  laborer,  11  months  26  days,  at  $10 474. 67 

I  laborer,  66  days,  at  $1.50 99.00 

1  laborer,  310  days,  at  $1.50 465.00 

1  laUirer,  188  days,  at  $1.50 282. 00 

llsberer,  313  days,  at  $1.50 469.50 

llaborer,  76  days,  at  $1.50 114.00 

1  laborer,  67  days,  at  $1.50 100.50 

1  laborer,  52  days,  at  $1.60 78. 00  ,  -            ■ 
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BBPOBT  OP  THE  EXECDTITE  COUIUTTBE.  XXIU 

IiftUional  ilutaiM:  FitrtMure  a»dfixtnrtt,  Julg  1,  1893,  to  Jnnt  SO,  1894. 

RBCEIPTB. 

Appropriation  by  CongreM  for  the  flacal  ye^r  endiiig  June  30,  tSM,  "for 
caacB,  fttmitnre,  fiztnree.  Hid  appluuioM  leqnired  for  the  exhibition 
and  SMfe-keepiDg  of  the  collectioDS  of  the  National  Hoaeam,  inolndiog 
Balmries  or  oompenaatioa  of  aU  necMsarf  emptoyoea  '  (aandry  civil  act, 
March  3,  1893) «1(^000.00 

EKPKHDITURKS. 

Salaries  or  compensation : 

1  carpenter,  313  days,  at  $3 1(09.00 

1  ctupenter,  73  duyi,  at  $3 219.00 

1  oazpenter,  66daya,  at«3 198.00 

1  earpenter,  53  dayi,  at  «3 1^.00 

learpanter,  17dayB,  at$3 141.00 

1  carpenter,  43daya,  attS 129.00 

1  carpenter,  41  daya,  at  «3 123.00 

1  carpenter,  35  daya,  Bt  *3 106.00 

Icarpentei,  36dayB,  Bt» 78.00 

1  cupentei,  24  days,  at  «3 72.00 

J  carpenter,  13  days,  at  (3 39.00 

1  cabinet  maker,  313  days,  at  93 939.00 

1  painter,  6  mootha  15  days,  at  465  per  moath 422.90 

1  ekiUed  laborer,  12  months,  at  ISO  per  month 600.00 

1  ekiDed  laborer,  2021  daya,  at  «2 405.50 

lakilled  laborer,  26  daya,  at  $2 52.00 

1  Hkilled  laborer,  2%  days,  at  «l.^ 411.25 

1  laborer,  1  mouth,  at*46;  1  month,  at  444.50;  2  months, 

at  $41.50;  8  months,  at  WO 493.50 

ToUl ^525.75 

Special  aervice  by  job  orcoutract S9.ZS 

Total  eipenditure  for  salaries •&,  555.(10 

Hiscellaneoua: 

Drawings 9.25 

Drawers,  trays,  boxes 321.50 

Frames,  stands 68.98 

Glass 108.82 

Hardware 495.19 

Tools 32.13 

CUith,  cotton,  etc 54.27 

Glass  Jars 501.81 

Lumber 826.91 

PaintB,oU,etc 554.83 

Fnmitnie 209.96 

Metals 64.88 

Robber  and  leather 17.28 

Apparatus 46.24 

3IatB,  brick,  etc 201.50 

Iron  brackets 143.42 

3,641.78 

Total  expenditure  to  Jane  30, 18H  <famltare  and  fiztares) 9, 196.76 

Balance  Joly  1,  1884,  tomeet  oatntanding  liabilitiee 803.24 
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BEPORT  OF   TUB   EXECtTTirE   COUHITTEE. 

National  Mutum  :  PHnting,  JtUg  1,  IHSS,  \b  June  SfJ,  1K'J4 


ApproprtAtion  bj  Coagrma  for  the  AbcbI  jeai  ooding  Jana  30,  I8H,  "  for 
the  SmlthsoniftD  loatitation  for  printing  !>!>«)•  and  bUnks,  and  fot  the 
'  BnlletiDs '  kod  Btmaal  voIiudm  of  the  '  Proc«ediDgii '  of  tbo  National 
UiiM(im"(Bnndt7  civil  act  March  3, 1893) (12, 000. 00 

BZPBIfDiTUIUU. 

Balletios  National  Hnaeani,Naa.  43,  M.*5, 46, 47 •&,033.0a 

Proceedings  National  Mnsenm,  Vols.  XIV,  XVI,  XVII 4,0lD0.8B 

BepoTt*  National  MoBcani,  extnu 1,149.31 

Lftbels  for  ipecimena 949.02 

Letter  boadn,  pada,  and  enrolopM 193.87 

Blftoks 306.43 

Binding  booki 175.66 

Congreaaional  B«coida 68.00 

•11,966.18 

Balance  JdI;  1.189* 43.83 

iVofiMMl  ifvMiHM.-  Seal  vf  w«rk*k0pi  and  Immt/er /r»m  arwt^rg. 

RECBIPTi. 

Appropri»tion  by  Congrea*.  "  under  Smltluonian  Inatitotion,"  for  rent 
for  workahope  for  the  National  MnMom,  and  for  expeuMa  of  traoafet 
from  tlie  so-called  Armory  boilding,  one  tboiuaud  dollan,  or  ao  mnch 
thereof  as  inaj  be  naceaaary"  (nrgenc;  defieiency  act,  March  12, 
1894) •1,000.00 


1  carpenter,  26  daya,  at  «3 •TS.OO 

I  carpenter,  3daya,  at  $3 9.00 

1  laborer,  25  days,  at«1.50 37.50 

lUborer,  24daya,  at*1.50 36.00 

lUborer,  11  daya,at»1.50 16.50 

6  Uborers,  12  daya,  at  •1.50 lOH.OO 

4  laborers,  8  daya,  at  61.50 60.  OD 

Hauling,  3  days,  at  64 12.00 

Bent,  2  months  16  days,  at  |75 IW.  71 

Total 6542.71 

Balance  July  1,  1894 4S7.29 

Other  JfMmM  approprialiotu :  Preterratiou  of  aillteH«K4,  l/iaj. 

Balancee  aa  per  last  report.  Jnly  1, 1893 •17,(» 

Eipeoditarce  to  JnneM,  1S94: 

SappUea 12.82 

Balance  carried,  nnd«r  the  pforiaions  of  tbe  Beviaed  StatatM,  section 
3090,  by  the  Treasary  Department  to  the  credit  of  tbe  anrplna  ftrnd, 
JnnaSO,  1894 4.23 
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EEPORT  OF  THE  BXECDTIVE  COHHITTEB. 


yalional  Mu*tum :  Furniture  and  fixture*,  1893. 
It^xxcv  of  appropTiatiOD,  M  p«c  last  Nport,  Jal;  I,  1893 92,910.0! 

.libX-icH  and  special  servicea 94- 2S 

i  rtcn  U  an«oiiB : 

Casea 1,222.00 

X>Tawii)g8 !1.25 

I>rawer8,  tra  jb,  boxen 10. 00 

Pntmes,  stands,  etc 45.70 

Hardware 291.35 

Xoola 189.32 

Cloth,  cotton,  etc 66.24 

OlaM  jars 2.74 

I^amber : I97.fi5 

Painte,  ollH,  etc 80.40 

FamitDre 249.60 

Metals .- 46.99 

Knbber  and  leather 433.79 

Apparatns 89.75 

Total «2,9 

Balance  July  1,189* 


Tiyl«l  expemiilure  of  tke  appropriation /or /kntilure  and  fixtareii,  IS93 
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BEPOKT   OF   THE    EXECUTIVE   COMMITTEE.  XXIX 

i  droiiwge,  irftt«r-ol(weta 9964.93 

SkjUghtB 475.00 

Stonework 366,80 

Tin  ToofiDg iOl.37 

»8,085.48 

BaUDceJnly  1,1894 1.14 

A3TB0PHYSICAL  OBSEBVATOKr^  SUnH80NIA.N  INSTITUTION,  ISM. 


Appropriation  by  Coagrota  "  for  maintenuiGe  of  the  Astropbyiical  Ob- 
servatorj',  onder  the  direction  of  the  Bmitbaonian  Inntitntion,  inolud- 
iag  salaries  of  Msistante,  apparatus,  and  miscellaneous  expeuaes"  (sun- 
dry civil  aet,  March  3,  IS93) «9,000.00 

FKOM  JULY  1,  1893,  TO  JUNK  30,  1894. 


t,  1  mouth,  at  9116.66 116.66 

1  eeooud  assistaot, 4} months,  at  983.33, 9374.98; 

4i  months,  at  983.33, 9374.98;  1  month,  attl25, 

9125 874.96 

1  junior  Msistant,  1  month,  at  966.66 66.66 

1  instrument  maker,  1}  days,  at  983.33,94.16;  3 

days,  at 983.33, 98.06 ;  6 days,  at  983.33, 921.50; 

8i  days,  ««3.33,  922.84 56.56 

1  instrament  maker,  81)  days,  at  93.60 285.^ 

1  BHistant  Instrnment  maker,  12  montbe,  at  960.  720. 00 
lphotogTapber,UdayB,at960,922.50;  16days, 

at  950,  925.80 43.38 

1  clerk,  1  month,  at  990 90. 00 

1  clerk,  12  mouths,  at  960 T2U.00 

1  carpenter,  TOt  days,  at  93 212.25 

1  carpenter,  43  days,  at  93 129.00 

1  bricklayer,  1}  days,  at  94 6.00 

llaborer,  6 days,  at 950 10.00 

1  laborer,  3J  days,  at  91-75 5. 69 

1  skilled  laborer,  11  days,  at  92.50 4.38 

Special  serr  ices,  19  days,  at  96.50 123.50 

Total  salaries  oi  compensation 95,669.29 

Oeueral  expeosee : 

Apparatus  and  appliances 2,059.13 

Books  and  bloding 43.40 

CaatiDgs 60.42 

Drawings  and  enlargements 30.37 

Freight 14.00 

Purnitnre 40. 80 

Lumber 68.30 

SUtionery 16.79 

Supplies 887.10 

Traveling  expenses 34.50 

3,254.81 

Total  eipenditurs,  Jnly  1,  1893,  to  June  30,  1891 98,924.10 

Balance  July  1,  1894,  to  meet  outstanding  liabilities 75.90 
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REPOBT  OF  THE  EXSCCTTTE  COMMl'lTKE.  XXXI 

BATtOKAL  ZOOL06ICAI.  PAKK,  IMl. 

fal^ne*  Jnlr  I.  1893,  «b  pa  U>t  UDnftl  npMt «Z.  198.98 

s  rmoM  JULT  1.  UB3,  TO  jtvk  30.  1>»I. 


ItookiMkd  bindjng C  75 

Copper  conJc« 190.20 

Food.  rotaDimaJB IBS.  IS 

Vnigbt ITftSl 

I^nmber 60.13 

pMinto,  vita,  etc 3J.39 

Giaaolithic  prnTcmcal SoT.GI 

Sopplioa IClSI 

SerriocB 46.78 

TolapbwMS 47.30 

Koofing  tiling 565.98 

W^ftter  ntpplf 47.14 


TotelaxpniditiiraJalTL18a3,t«JaD»30, 18M S2. 198.96 

BaUnce  JdIj  1,  ISM .03 

HATinKAl.  ZOOLOGICAL  FAKK:   OKCABIZATIOX.  mPROTEHEXT   If ACTTEXAKCE. 

Balance  JdIj  I,  1833.  u  pa- lart  rapml f843.73 

BXpmntTcmxs  from  jult  1.  1893,  to  jvsk  3o,  1891. 

Comiit  «xpenMa (710.00 


BatMiee  cained,  ander  Ute  proriiuoBS  ol  the  Serised  Sli  !■!«■,  ■nrtioD 
3081^  hj  Um  TrcMnry  Deputmetrt  to  the  erodit  of  the  nrpha  fnnd, 
Jum30,18S4 133.73 


SATIOSAL  ZOOLOGICAL  PABK:  IMPKOV EVENTS.  lAt. 

IWsna)  U  per  iMtnpOTt.Jnl;  1.1893 16.  €0 

Carried,  under  the  Berwed  StafrntcH,  seotioo  3090.  b^  the  TrcMOtj  Department  to 
Uwei«ditortb««npln«(Bnd,  Jqim3D,  UM.  (    OOoIr 
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REPOBT  OP  THE  EXECUTIVE   COMMITTEE.  XXXIII 

latrophysical  Obaerratory— SmUbsoDion  luBtitation : 

From  balance  1891-92 WT.  03 

From  balance  of  1892-93 a66.  96 

From  nupropnation  for  1803-94 9,000.00 

W.303.99 

iumi„ary  : 

.Smithsoniaii  Instttatiou 137,059,88 

Exclianges 15,782.23 

Ktbnology 50, 509. 28 

Preservation  of  collfctiouB 139,931.58 

rriiiting 12,358.15 

Furniture  aod  flstures 12,967.87 

Heating  and  liRhting 11.K4I.91 

Renfc  of  workuhops 1,000.00 

Postage 500.00 

Smitbaonian  JnHiitution  building,  repair* 8,086.62 

National  Zoological  Park 53,047.71 

Astrupbj-Btciil  ObHervatorv 9.303.99 

«2, 369. 23 

The  committee  has  examined  the  vouchtrs  (or  payment  from  the 
Smitbsoiiian  income  daring  the  year  ending  June  30,  1894,  ea<'h  of 
which  t>earB  the  approval  of  the  Secretary,  or,  in  hin  absence,  of  the 
Acting  Secretary,  and  a  certificate  that  the  materials  aod  serviccH 
charged  were  applied  to  the  purjmsea  of  the  lOHtitution. 

The  committee  has  also  examined  the  accoantH  of  the  several  appro- 
priations committetl  by  Cougresa  to  the  Institution,  and  finds  that  the 
balances  hereinbefore  given  correspond  with  the  i-ertilii-ates  of  the  dis- 
bnrsing  clerk  of  the  Smithsonian  lustitntion,  wliose  appointment  as 
such  disbursing  officer  has  been  accepted  and  his  bonds  approved  by 
the  Secretary  of  the  Treasury. 

The  iiuarterly  accoants-current,  the  vouchers,  and  journal.s  have  been 
examined  and  foond  correct. 

SlatmenI  of  regular  iKeomt  from  tlie  SnilhKmian  fimd  MaHablt  for  ■■«  in  Iht  year 
ending  June  Sll,  2S95. 

Balance  on  handJaue  30. 1894 (59,  ri!W..'i0 

(laclndlng  cash  from  exec n tors  of  J.  II.  Kidder) $5.0ciO.  Iio 

f Inclndlng  caah  from  Dr.  .tli-x.  Graham  Bell) 5,000.00 

10.  INM).  UO 

Interest  due  and  receivable  Jnly  1,1894 -SI,  H^.Vl 

Intereat  due  and  receivable  JanDarr  1,1895 27,330.00 

Interest,  Weat  Shore  Railroad  bonds,  due  July  1, 1891 840. 00 

Interest,  West  Shore  Railroad  bonds,  dne  January  1,1895 840.00 

56,153.92 

Total  available  for  year  ending  Jane  30, 1B9S 115. 752. 42 

EespectfuUy  submitted. 

Henhy  Copp^e, 
J.  B.  Henderson, 
Executive  Committee. 
Washington,  D.  C,  December  it,  1894. 

8M94 m  n,,.,.dtvG00gic 
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CTS   AXD  RESOLITIOXS  OF  COXCRESS   RELATIVE  TO  THE 
SMITHSONIAN  IXSTITUTIOX,  NATIONAL  MISEIM,  ETC 

on  from  iirevi.niii  reporu.J 


[Fifty-lhird  Congrpss,  first  ami  sei"ou<l  wstiioiis.] 

SMITHSONIAS   I>-STITrTIO>\ 

Be  it  enacted  by  the  Senate  and  House  of  Repreaenlalires  of  the  Vniled 
states  of  Americn  in  Congrenn  asxembled.  That  tUe  Revised  Statutes, 
iile  seventy-three,  being  a  reenactinent  of  "An  aot  to  establish  tlie 
^tuithsoniau  InstitatioQ  for  tbe  iiicreft»e  and  ditTiision  of  knowledge 
tuioug  men,"  approved  Angiist  tenth,  eighteen  hundred  and  forty-six, 
jc,  and  the  same  is  liereby,  amended  so  that  section  fifty-five  hundred 
iu«l  seventy-nine  shall  read  as  follows: 

'*  Sec.  5579.  That  the  President,  the  Vice-President,  the  Chief  Jus- 
tice, and  the  heads  of  Kxeoutive  Departments  are  hereby  constituted 
\n  establishment  by  the  name  of  the  Smithsonian  Institution  for  the 
increase  and  diSusion  of  knowledge  among  men,  and  by  that  name 
shall  be  known  and  have  perpetual  succession,  with  the  powers,  limita- 
tions, and  restriftions  hereinafter  contained,  and  no  other." 

And  be  further  amended  by  striking  out  of  set-tion  ftfty-tive  hundred 
and  eighty  tbe  words  "  tlie  governor  of  the  District  of  Columbia." 

And  be  further  amendcHl  by  adding  to  section  Hfty-flve  hundre<1  and 
ninety-one  as  follows: 

"  Provided,  That  this  shall  not  operate  as  a  limitation  on  the  power 
of  the  Smithsonian  Institution  to  receive  money  or  other  i)roperty  by 
gift,  beqnest,  or  dcTise,  and  to  hold  and  dispose  of  the  same  in  promo- 
tion of  the  purposes  thereof."  Approved  March  12,  1894.  (Second 
session  Fifty -third  Congress;  Statutes  at  Large,  vol.  '2.A,  p.  41.) 

Keaolved  by  the  Senate  and  Jloune  of  Represetitatires  o/  the  United  States 
of  America  in  Congress  assembled,  That  the  vacancy  in  the  Boarxl  of 
Kegents  of  the  Smithsonian  Institution, of  the  class  other  than  Members 
of  Congress,  shall  be  filled  by  the  reappointment  of  Andrew  D.White,  of 
New  York,  whose  term  of  office  expires  on  February  fifteenth,  eighteen 
hundred  and  ninety-four.  Approved  March  19, 1S94.  (Second  session 
Fifty-third  Congress;  Statutes  at  Large,  vol.  ^8,  p.  579.) 

ADVEBTieEM>:sT  FOR   PBril'OSA,I.S. 

Beit  enacted  hy  tlie  Senate  and  House  of  Represealatires  of  the  Vtiiled 
States  of  America  in  Congress  assembled,  That  section  thirty-seven  hun- 
dred and  nine  of  the  Revised  Statutes  is  amended  by  adding  thereto 
the  following: 

And  the  advertisement  for  Buch  proposals  shall  bo  made  by  all  the 
Executive  Departments,  including  the  Department  of  Labor,  the  United 
States  Fish  Commission,  the  Interstate  Commerce  Commission,  the 
Smithsonian  Institution,  the  Government  Printing  Office,  the  govern- 
ment of  the  District  of  Columbia,  and  the  superintendent  of  the  State, 
War,  and  Savy  building,  escept  for  paper  and  materials  for  use  of  the 
Government  Printing  Office  and  materials  used  in  the  work  of  the 
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ACTS    AND   HESOLUTIONS   OF   CONGRESS. 

in  from  the  begiiiiiiug  tliereof:  Provided  further,  That  tbe  t 
iiployeeBof  the  Beuate  uiitl  House  of  Kepreiteutativett  now  aathorized 
y  ]aw  shall  be  contiuned  U|wii  tlie  mlla  niitil  the  end  of  the  present 
;c«sioii  of  Coiif^ess  and  paid  at  tbe  rate  i>ev  dii^m  or  moiitli  at  which 
ley  are  now  paid;  aud  a  saflivieDt  amount  is  hereby  aitpropriated, oat 
f  any  money  in  the  Treasury  not  otherwise  appropriated,  to  pay  the 
Ame :  I*roviAed  further ,  That  there  be,  and  is  hereby,  appro])Tiated,  ont 
f  any  money  iu  the  Treasury  not  otherwise  appro priateil,  a  sum  suffi- 
ient  to  enable  the  Oleik  of  tbe  House  to  pay  to  Members  and  ]>elegates 
lie  amonut  which  theycertify  they  have  paid  or  agreed  to  pay  for  clerk 
lire  necessarily  employed  by  them  in  the  discharge  of  their  official  and 
'e\>Tesen  tative  duties,  as  provided  in  the  joint  resolution  approved 
^lurcb  tLird,  eighteen  hnudred  and  ninety-three,  until  the  end  of  the 
>reseiit  session  of  Congress.  Approved  June  20, 18K4.  Moiut  resolu- 
tion 2C0.  'i'l,  second  session  Fifty-third  Congress:  Statutes  at  Large, 
vol.  2S,  i».  "AD 

INTEBNATIOXAL   EXCIIANttES. 

For  espeoses  of  the  system  of  international  exchanges  between  tbe 
Vaited  States  and  foreign  countries,  under  the  direction  of  the  Hmith- 
sonian  Institution,  including  salaries  or  comi>eusation  of  all  necessary 
employees,  seventeen  thousand  dollars.  (Sundry  civil  appropriation 
act,  approved  August  18,  IS!)!;  Statutes  at  Large,  voL  28,  p.  a*4,) 

Naral  Obaerratory. — For  repairs  to  buildings,  tlxtnrea,  and  fences, 
furniture,  gas,  chemicals,  and  stationery;  freight  (including  transmis- 
sion of  pablic  documents  through  the  SmithsoDian  exchange),  foreign 
postage  and  expressage.  plants,  fertilizers,  and  all  contingeut  expenses, 
two  tbousaud  fire  bondred  dollars.  (Legislative,  esecntive,  and  judi- 
cial act,  approved  July  31,  ISIW;  Statutes  at  Large,  vol.  28.  p.  iy2.j 

Department  of  the  Interior,  United  Ntates  Oeological  Survey. — For  the 
purchase  of  necessary  books  for  the  library  and  the  juiyment  for  the 
transmission  of  public  documents  through  the  Smithsonian  exchange, 
two  thonsand  dollars.  (Sundry  civil  api>ropriatioii  act,  approved 
Augpst  18,  18»4:  Statutes  at  Large,  vol.  28,  p.  3!>S,, 

M'ar  Department. — For  the  transportation  of  reports  and  maps  to 
foreign  cuuutrieu  through  the  Smithsonian  luHtitution,  one  hundred 
dollars,  (Sundry  civil  appropriation  act,  approved  Angiii^t  18, 1804; 
voL28,  p.  -lUJ.) 

NATIONAL   Ml'SEI'M. 

For  continuing  the  preservation,  exhibition,  and  increase  of  the  col- 
lections from  the  surveying  and  exploring  expeditions  of  the  Govern- 
ment, and  from  other  sources,  including  salaries  or  com{iensation  of 
all  necessary  employees,  one  humlred  and  forty-three  thousand  dollars. 
For  cases,  furniture,  tixtnrea,  and  appliances  required  for  the  exhibi- 
tion tvod  safe  keeping  of  the  collection-t  of  the  National  Miisennt,  hn-lud- 
ing  salaries  or  C4>m|iensati(>n  of  all  necessary  employees,  ten  thousand 
dollars. 

For  exi>en8e  of  heating,  lighting,  electrical,  telegrapliic  and  tele- 
phone service  for  the  National  Museum,  thirteen  tlionnand  dollars. 

For  postage  stamps  and  foreign  postal  canls  for  the  National  Museum, 
five  hundred  dollars. 

For  tearing  down  and  rebuilding  the  brick  walls  of  the  steam  boilers, 
providing  tie-rods  and  buck  staves  and  grates  for  the  same:  removing, 
replacing,  aud  resetting  tbe  fronts,  and  replacing  worn-out  boiler  tubes, 
and  for  covering  heating  pi|ies  with  fire|tnx>f  material,  including  all 
necessary  labor  aud  material,  four  thousand  dollars. 
For  rent  of  workshops  for  the  National  Museum,  six  hundred  dollars. 
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ACTS.  AND    RESOLUTIONS    OF    COXGSESS.  XXXIX 

HpectioD  required  by  section  tliirty -seven  Liindretl  and  eleven,  Bevise^l 
a.tutes,  being  hereby  waived,  four  dollars  and  seventy-five  cents. 
>efi<;ieiicy  appropriation  act,  approved  August  23,  1894;  Statutes  at 
argre,  vol.  28,  p.  WO.) 
J>istrict  of  Columbia — streeft. — For  oitening  entrance  into  Zoological 
aric  from  Woodley  Lane  road,  and  oi>eiiiiie  driveway  into  Zoological 
Avt  from  said  entrance  along  tbe  west  bank  of  Bock  Creek,  two 
Itousaud  five  hundred  dollars,  to  be  paid  wholly  from  the  revenues  of 
lie  X>i8trict  of  Columbia.  (District  of  Colnmbia  appropriation  act, 
pprcved  August  7, 1894;  Statutes  at  Large,  Tol.  28,  p.  251.) 

JHatrict  of  Columbia — seirer*. — For  continuing  tlie  constraction  of  the 
lock.  Creek  intercepting  sewer,  twenty  thousand  dollars:  Provided, 
riiat  the  Commissioners  of  the  District  of  Columbia  are  authorized  to 
■uter  into  contract  for  said  work  at  a  cost  not  to  exceed  eighty  thou- 
iitiitl  dollars,  to  be  paid  lor  from  time  to  time  as  appropriations  may  be 
iiade  l>y  law;  and  the  said  Commissioners  are  authorized  to  constroct 
said  se^rer,  when  necessary,  across  lands  belonging  to  the  United 
States:  Provided,  Tliat  after  the  construction  of  said  sewer  the  exca- 
vated portions  of  said  lands  shall  be  restored  to  their  original  condition 
fi-om  the  appropriation  herein  provided  for.  (District  of  Columbia 
appropriation  act,  approved  August  7,  1894;  statutes  at  Large,  vol. 
28,  p.  24.9.) 


For  au  exhibit  by  the  Government  of  the  United  Statesof  such  arti- 
cles and  materials  as  illustrate  the  fuuction  and  administrative  faculty 
of  tbe  Government,  to  be  made  at  tbe  Cotton  States  and  International 
£xposition,  to  be  held  at  Atlanta.  Georgia,  in  the  year  eighteen  huu- 
dved  and  ninety-live,  and  for  the  employment  of  proper  persons  as 
officers  and  assistants  by  the  board  of  management  hereinafter  created, 
and  for  tbe  maintenance  of  the  building  hereinafter  provided  for,  and 
for  other  contingent  expenses  incidental  to  the  Government  exhibit,  to 
be  approved  by  the  chairman  of  the  board  of  management  and  by  the 
i^cretary  of  the  Treasury  upon  itemized  accounts  and  vouchers,  one 
hundred  and  fifty  thont^and  dollars,  or  so  much  thereof  as  may  be 
necessary,  to  be  disbursed  by  the  board  of  management,  of  which  not 
exceeding  ten  thousand  dollars  shall  be  expended  for  clerical  services. 
And  to  secure  a  complete  and  harmonious  arrangement  of  said  Govern- 
ment exhibit  a  board  of  management  shall  be  created,  to  be  charged 
with  the  selection,  pnrchase,  preparation,  transportation,  arrangement, 
safekeeping,  exhibition,  and  return  of  such  articles  and  materials  as 
the  heads  of  the  Executive  Departments,  the  Smithsonian  Institution 
and  National  Museum,  and  the  United  States  Fish  Commission  may 
respectively  decide  shall  be  embraced  in  Si^id  Government  exhibit. 
Tbe  President  may  also  designate  additional  articles  for  exhibition. 
Such  board  shall  be  com|)08ed  of  one  member  to  be  detailed  by  the 
head  of  each  Executive  Department,  one  by  the  head  of  the  Smith- 
sonian Institution  and  National  Museum,  and  one  by  the  bead  of  the 
United  States  Fish  Commission,  and  the  President  shall  name  one  of 
said  members  as  chairman. 

But  the  Unitetl  States  shall  not,  in  any  manner  nor  under  any  cir- 
cnmetauces,  be  liable  tbr  any  of  the  acts,  doings,  proceedings,  or  repre- 
sentations of  the  said  Cotton  States  and  International  Exposition, 
organized  under  tbe  laws  of  the  State  of  Georgia,  its  officers,  agents, 
8ervantB,  or  employees,  or  any  of  tbem,  or  for  the  service,  salaries,, l^(:t<^{_> 
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REPORT  OF  S.  P.  LANGLEY, 

SECRETARY  OF  THE  SMITHSONIAN  INSTITUTION, 

FOR  THE  YEAR  ENDING  JUNE  30, 188*. 

To  the  Soard  o/ Regents  of  ike  Smithaonian  ItutitutUm. 

G-SNTLBHEN:  I  bave  tbe  honor  to  submit  herewith  a  report  of  the 
>perivtioii8  of  the  Smitbaoiiian  Institution  for  the  year  ending  Jnne  30, 
IS94,  iuclnding  the  work  placed  hy  Congress  under  its  superrision  in 
blie  IN'atioual  Maseam,  the  Bureau  of  Ethnology,  the  Bureaa  of  Int«r- 
aational  Exchanges,  the  National  Zoological  Park,  and  the  Astro- 
pbysicat  Observatory. 

In  tlie  body  of  tbe  report  I  have  given  briefly  a  general  account  of 
the  afifairs  of  the  Institation  and  of  its  bureaus  for  the  year,  reserving 
for  tlie  appendix  the  more  detailed  and  statistical  reports  from  tbe 
officers  in  charge  of  the  different  branches  of  work. 

The  full  report  upon  the  National  Museani  by  the  assistant  secre- 
tary, Dr.  O.  Brown  Ooode,  occupies  a  separate  volume.  (Report  of 
the  Smithsonian  Institution,  National  Museum,  1894.) 

THE  SMITHSONIAN   INSTITUTION. 

THE  ESTABLISHMENT. 

By  act  of  Congress,  approved  by  the  President  March  4, 1894,  section 
5579  of  tbe  Revised  Statntes  was  amended  to  read  as  follows: 

That  the  President,  the  Vice-President,  the  Chief  Justice,  and  the 
heads  of  Executive  Departments  are  hereby  constituted  an  establish- 
tneDt  by  the  name  of  the  Smithsonian  Institution  for  tbe  increase  and 
diffasionof  knowledge  among  men,  and  by  that  nameslmll  be  known  and 
have  perpetual  succession  with  the  powers,  limitations,  and  restrictions 
bereinafteT  contained,  and  no  other. 

As  DOW  organized  the  Smithsonian  Establishment  consists  of  the 
following  ex  officio  members: 

Gbovbr  Cletelakd,  President  op  the  United  States. 
Adlai  B.  Stbtenson,  Vice-President  of  tke  United  States. 
Melville  W.  Fuller,  Chief  Justice  of  the  Supreme  Court  of 

the  United  States. 
Walter  Q.  Oreshah,  Secretary  of  State. 
John  Q.  Carlisle,  Secretary  of  the  Treasury. 
Dakiel  S.  Lamont,  Secretary  of  War. 
BiCHABD  OLjiEXf  Attorney- General. 
Wilson  8.  Bissell,  Postmaster- General. 
HiLART  A.  Herbert,  Secretary  of  the  Naty. 
HOKB  Smith,  Secretary  of  the  Interior. 
3.  SterliSQ  Morton,  Beeretary  of  Agriculture. 
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REPORT   OF   THE    SECHETABY.  3 

PISANCES. 
Tbe  permanent  TandH  of  the  Inittitation  are  »»  follows: 

iteqneat  of  SmithBon,  ISlfi t515, 160.00 

lEesidaar;  legacy  of  Sm II hitoQ,  1H67 26,210.63 

l>epo«ita  from  savingHof  JDcome,  1867 106,620.37 

lte<|tie8t  of  JanieH  HaiDiltnn,  1KT5 1,000.00 

Iteqnettt  of  i^imeon  Habpl,  1880 600.00 

DeposilB  from  prooeeila  of  Malt!  of  bnnilH,  1881 61,500.00 

Oiftof  ThomaaG.  Hodgkhis,  1891 200.000.00 

Portion  of  reeiiln>rr  le);ncr,  ThomM  G.  UodKkins,  18M 8.000.00 

Total  permanent  fDDd 911.000.00 

By  act  of  ConffreHs  approved  by  the  I'reHJdent  March  12, 1894,  ao 
ameodinent  was  made  to  section  .'viiil  of  the  K«>viKe(l  StattiteR,  as 
follows : 

Tlie  Secretary  of  the  TreaBary  is  anthorize^l  an<l  directal  U>  receive 
into  the  Treasary,  on  tbe  Hame  tenns  ax  the  original  Iwfincfit  of  -lameM 
Bmtthaon,  sach  AnatA  as  the  lie{;eiitH  may,  from  time  to  time,  xee  lit  to 
deposit,  not  exceeding,  with  the  original  lietjaeot,  the  unm  of  $l,UOU,(KN). 
Proridetl,  That  tht.i  shall  not  o|)erate  -m  a  limitation  on  the  power  of 
the  Smithsonian  Institution  to  ret^eive  money  or  otlier  property  by  gift, 
beqnest,  or  devise,  and  to  hold  and  disijofie  of  the  same  in  promotion  of 
the  pnrpoftes  thereof. 

The  above  specified  permanent  fund  in  depo.sited,  nnder  nection  Si^ftl, 
of  the  Revised  Statates,  mo«Iified  as  above  noted,  in  the  Treannry  of  the 
United  States,  bearing  intere^'t  at  (>  per  cent  per  annum,  the  interest 
alone  being  n.sed  in  carrying  out  the  alms  of  the  Inslitntion. 

At  the  beginning  of  the  fiscal  year,  July  I,  181>.3,  the  anexpended 
balance  from  the  income  and  from  other  source.-*,  a»  stated  in  my  report 
for  last  year,  was  $57,0Jt2.82.  Interest  on  the  i>ermaoent  fund,  amonnt 
ing  to  9o4,180,  was  received  dnriiig  the  year,  which,  together  with  a 
sam  of  $7,787.00,  receive<t  from  the  sale  of  publications  and  from  mis- 
cellaneons  sources,  and  iHfiOb  rweivcd  as  a  iwrtion  of  the  residnary 
legacy  from  the  estate  of  Mr.  Thomas  <r.  Ilmlgkins.  niMie  the  total 
receipts  *09,9(i7.««. 

The  entire  expenditures  during  the  year,  including  the  $S,(M)0  men- 
tioned above,  which  was  a<lde4l  to  the  pernianciit  fond,  amounted  to 
$67,461.38,  for  the  details  of  whifb  relcreiice  is  m:ide  Ut  the  re|>ort  of 
the  execntive  committee.  Un  Jane  30,  IH'M,  the  balance  in  the  Treas- 
ury of  tbe  United  States  to  the  cre<lit  of  the  ^>ec^ctary  for  the  expenws 
of  the  Institotion  was  9-'^,'/JH.r)0,  which  includes  the  snm  of  $10,000 
referred  to  in  previons  reports,  $5,0(>0  received  from  the  estate  of  Dr.  J. 
H.  Kidder,  and  a  like  snm  from  I>r.  Alexander  <iraham  licli,  the  latter 
a  gift  made  personally  to  the  Secretary  to  promote  certain  idiysical 
resewcbes.  This  latter  sum  was,  with  the  donor's  consent,  depof^ited 
by  the  Secretary  to  the  credit  of  the  current  fundi  of  the  Institntion. 
Tbe  Regents  also  hold  thesom  of  $4L',(MK»,  ret-eivefl  aiw»D  thedeatl- 
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:ia  reports.    Tbia  cooditiOD,  wbicb  eeema  to  have  almost  reached 

'  of  evil  from  the  iinpoBsibtlity  of  fartLer  storage  of  sueb  objects, 

i-onght  to  tbe  especial  attentiou  of  the  l»st  (Jongress,  when  it 

e  necessary  to  vacate  the  storage  rooms  occnpied  by  tbe  National 

-tm  in  tlie  old  Armory  bnilding  on  account  of  intended  vbanges 

>T-ized  by  Congress  for  tbe  benefit  of  tbe  FtBli  Commission. 

tbia  time  a  small  building  in  tbe  city  several  sqnarca  distant  was 

■'1,  under  antliorityfrom  Congress,  for  tbe  storage  of  the  materials, 

'"'  *r  the  workshops  removed  from  the  Armory  building,  but  this  made 

•rovisioQ  for  tbe  articles  returned  from  tbe  Chicago  Exposition. 

1     tbe  request  of  the  Secretary  of  Agriculture,  the  Institution, 

■  h.  has  been  made  by  Congress  tbe  deimsitory  of  all  such  objects, 

obliged  to  resume  the  care  of  an  immense  collection  of  p]autH,c«m- 

itingthe  National  Herbarium,  which  hud  previously  been  placed  b.y 

Institution  in  thech.trge  of  thatDepartmeui,and  whicbit  bad  now, 

.u:t,  DO  room  for.    The  collection  was  stored,  under  the  charge  of 

Department  of  Agriculture,  in  a  building  which  was  not  fireproof, 

l  tbis  IWt  was  stated  by  the  Department  as  intluenciug  it  in  its 

'  mest  that  the  Institution  should  resume  charge  of  them,  but  the  Insti- 

tJon  itself  has  no  place  to  put  them,  except  in  sheds  more  insecure  than 

.ose  from  which  they  came.    It  is  true  that  room  has  been  made  for 

lem  within  tbe  fireproof  portiou  of  the  building,  bat  only  by  the 

ansfer  of  a  large  mass  of  other  objects  to  the  wooden  sheds,  which 

i-ein  a  condition  of  extreme  danger.    I  can  give  a  no  more  definite 

dea  of  the  alarming  condition  here  than  by  saying  that  it  is  such  that 

>0  insurance  company  would  place  risks  on  tbe  sheds  except  at  very 

nigh  rates. 

the  congestion  in  question  has  compelled  the  ase  not  only  of  rooms 
belonging  to  the  Mnseom  building  proper,  for  tbe  accommodation  of 
objects  like  those  which  came  from  tbe  Chicago  Exposition,  but  of 
those  of  the  Institntlon  intended  for  other  parpose^,  such  as  the 
"Chapel,"  whose  lofty  vaulted  roof  was  made  flrepoof  by  Congress 
three  years  ago  with  quite  another  destination  than  the  actual  use 
which  necessity  has  imposed  ftH*  tbe  time. 

It  seems  almost  snperflaous,  after  what  has  just  been  said,  for  me  to 
recall  in  other  terms  theneedof  more  adequate  accommodations  for  the 
natinnal  collections,  but  I  may  agair)  refer  to  what  has  been  set  forth 
at  length  on  tbis  subject  in  my  previous  reports,  more  especially  in 
that  for  1892. 

REFAIB8  TO  THB   SHITHSONtAN  BVILDraG. 

In  the  contemplation  of  the  first  architect,  the  Smithsonian  buildiu); 
was  intended  to  produce  tbe  effect  of  a  Norman  castle,  and  its  tall 
towers,  narrow  embrasures,  and  like  features  do  attain,  if  not  archie- 
ological  correctness,  at  any  rate  a  certain  admitted  attractiveness  o< 
exterior.    Tbis  has  been  reached,  however,  as  is  well  km>wu<4iot  on 
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tional  room  for  these  exchanges  will  soon  be  cnlled  for,  whfle  the  etor- 
a^^  facilities  of  the  Institution  are  now  otherwise  severely  taxed. 

SESEABCH. 

A.S  I  hare  elsewhere  reinarke^l.  it  appears  to  be  an  essential  portioa 
of  the  original  scheme  of  the  government  of  the  lostitntion  that  its 
Secretary  sboold  be  expected  to  advaoi-e  kuowlt^ge,  whether  in  letters 
or  in  etcience,  by  personal  .'esearvh;  and  resolations  of  the  Begeots 
formally  reqnest  the  Secretary  to  contitne  his  investigations  in  physi- 
cal science,  and  to  present  their  resnlts  for  pablication  in  the  Smith- 
sonian '■'■  CoutribntionB." 

The  advancement  of  science  throogh  original  researeh  at  the  hands 
of  those  eminent  men.  Henry  and  Baird,  the  former  Secretaries  of  this 
Institation,  is  known  to  all,  bnt  though  the  Secretary  may  be  »till 
expected  to  personally  contribatetotheadvancementof  science,  or  art, 
or  letters,  by  his  individnal  efforts,  it  is  certain  that  the  increasing 
demands  of  time  for  labors  of  administration  had  gI^3atly  limited  the 
possibility  of  this,  even  in  the  time  of  Henry,  and  that  at  the  present 
day  administrative  duties,  and  especially  those  connected  with  the  care 
of  Government  interests,  constitute  a  barrier  to  snch  investigations, 
which  is  all  bat  impassable. 

1  have,  hofvever,  given  such  limited  time  as  coald  be  spared  from 
administrative  duties  largely  to  the  continnatton  of  the  rei^earcbes 
upon  the  solar  spectrum  mentioned  in  my  last  re]>ort.  This  work,  car- 
ried on  in  the  Astro-physical  Observatory,  is  believed  to  be  of  more  than 
common  importance,  and  is  referred  to  at  more  length  in  connection  with 
the  observatory  report  of  this  year. 

The  in%-estigations.  referred  to  in  previous  regtort.'',  upon  aerody- 
namics have  been  continued  intermittently.  They  are  not  complete, 
but  they  appear  to  point  to  conclusions  of  general  and  unusual  interest. 
Mention  may  also  be  made  here  of  a  grant  of  ^50  in  December,  1S93, 
to  the  director  of  the  Lick  Observatorj',  I'rof.  E.  S.  Uolden,  for  experi- 
ments in  solar  photography,  and  of  a  grant  of  a  like  amount  in  May, 
1894,  to  Dr.  A.  G.  Webster,  of  Clark  University,  for  certain  researehes 
in  the  velocity  of  electrodynamic  disturbances  in  wires. 

Mr.  W.  A-  Eddy  was  likewise  aidetl  to  the  amount  of  $.jO  in  certain 
experiments  in  the  stndy  of  the  electrical  and  other  conditions  of  the 
upper  atmosphere  by  means  of  kites. 

Investigations  aided  by  the  Uotlgkins  funil.  and  special  researches 
carried  on  In  the  Astro-physical  Observatory  are  mentioned  on  another 
page. 

Tbe  researehes  referred  to  above  are  connected  altogether  with  the 

physical  sciences,  since  aid  to  original  research  in  the  biological  sciences 

hssbeen  largely,  though  indinx'tly,  provided  threngh  the  Institution's 

connectiou  with  the  National  Museum  and  otherwise. 

The  sabscriptiou  has  been  continued  for  twenty  copies  of  the  Aatro- 
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[t  is  tbe  preaent  practice  to  pnblish  occasionBlly  memoirs  from  the 
'iitribatioDS  ia  separate  form,  to  be  afterrards  combined  in  a  Tolame 
len  enough  have  been  completed.  Only  one  sach  memoir  of  Gontri- 
Ltiions  has  been  prepared  darine  the  year,  which  is  a  commnnication 
r  the  Secretary  under  the  title  of  The  Internal  Work  of  the  Wind. 
A.  volume  of  theConCribntious  is  now  passing  through  the  press,  and, 
tough  its  fall  description  belongs  more  properly  to  a  later  report,  it 
ay  be  stated  here  that  its  subject  is  oceanic  ichthyology,  that  it  is 
repared  by  Dr.  G.  Brown  Goode  and  Dr.  Tarleton  H.  Bean,  and  that 
ae  work,  which  will  be  a  joint  publication  of  the  Institution  and  tbe 
f  atioual  Museum,  U  an  exhaustive  dissertation  on  the  fishes  of  the 
icean  depths  and  particularly  those  of  tbe  North  Atlantic  Basin. 

Ar  another  memoir  of  Contributions,  I  had  hoped  to  complete  the 
mblication  of  tbe  photographic  volume  on  the  moon,  to  which  I  have 
jailed  attention  in  previous  reports,  bnt  tbe  science  of  photography 
bas  not  yet  progressed  sufBciontly  to  meet  the  requirements  of  tbe 
work. 

Other  memoirs  are  in  preparation,  to  which  attention  will  be  called 
in  my  next  report. 

MUceilaneoiu  CoUeetiont. — The  Smithsonian  Hiscellaneons  Collec- 
tions is  an  octavo  series  intended  to  inclade  works  of  scientific  value, 
bat  of  less  original  importance  than  the  Contributions  to  Knowledge. 
Tbirty-five  complete  volumes  of  Collections  have  been  issued  since 
tbe  Institatiou  was  founded,  and  four  additional  volumes  are  now  in 
preparation,  purt«  of  volumes  35  to  38  having  already  been  published. 
Volume  xxxT  of  the  Collections  will  include  the  Smithsonian  Mete- 
orological, Geographical,  and    Physical   Tables.     These  tables  are 
intended  to  replace  in  modernized  form  and  with  new^  knowledge  the 
Gnyot  Meteorological  and  Physical  Tables,  first  published  in  1852,  and 
which  has  since  been  a  standard  work  of  reference  for  investigators. 
The  first  part  of  the  volume,  the  Meteorological  Tablee,  was  published 
lastyear.    The  Geographical  Tables, prepared  by  Professor  Woodward, 
have  been  put  in  type  during  this  year,  bnt  not  yet  issued ;  these  tables 
make  a  volume  of  288  pages.    The  Physical  Tables  are  now  being  pre- 
pared by  Prof.  Thomas  Gray,  and  may  be  expected  to  be  completed  in 
1895. 

Volnine  xxxti  is  a  single  work,  a  very  comprehensive  Select  Bibli- 
ography of  Chemistry,  covering  tbe  four  bniulred  years  from  1492  . 
to  1892,  prepared  by  Dr.  H,  Carrington  Bolton.    This  volume  was  pub- 
lished in  1893,  hot  the  first  edition  was  soon  exhausted,  and  it  became 
necessary  to  Issue  a  second  edition  daring  the  present  year. 

There  is  now  in  progress  tbe  preparation  of  a  supplement  to  this 

Bibliogn^hy  of  Chemistry,  to  inclnde  titles  of  works  down  to  1895,  as 

wen  SB  some  additions  to  the  first  volume.    It  is  expected  that  the 

snpplement  will  nnmber  about  5,000  titles. 

IUb  bibliography  actually  aims  to  include  everything  that  is  of 
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>  tlie  arrearageof  the  work.    The  eleventh  and  twelfth  annual  reports 
e  ill  tl»e  hands  of  the  printer  and  will  soon  Imj  oomploted.    Several 

il>ers  in  the  BuUetiu  series  were  ii^ued  during  tlie  year. 
I*roceed,ingt  and  Butletius  of  the  National  Miuteum. — Tlie  publications 

t'  tbe  JVIuseum  are  mentioaed  on  another  pa^e  under  the  geueral  head 

f  '^Xlie  Vatioual  Museum." 


la  Tuy  report  for  1887-88 1  detailed  a  plan  for  inereasing  tbe  library 
>y  excliaiiges.  List«  of  periodicals  were  secured  from  the  British 
vluseuin,  several  niiivcrsitieM,  and  a  great  number  of  leading  special- 
sts,  and  these  lists  were  carefully  revised  in  the  former  year  and  corre- 
jpoudeuce  then  entered  ujwn  with  eavb  society  and  journal  represented 
Dii  tbem.  This  work  has  now  been  completed,  after  nearly  seven  years 
of  labor.  Since  1887,  TjfiSi  letters  have  been  written,  resulting  in  the 
addition  of  1,853  netv  periodicals  to  the  list  of  those  receiveil,  and  entire 
or  \>aTtial  completion  of  1,042  defe<ttive  series.  It  is  already  time  to 
recoinuieuc«  this  labor,  which  ought  to  be  never  ending  if  the  periodi- 
cal collections  of  the  Institution  are  to  continue  to  be  what  they  are 
believed  to  be  today — the  coinpletest  in  the  world.  Accordingly  it  is 
my  intention  to  have  new  lists  prepared  nnd  to  continiie  this  speeial 
feature  of  the  work  of  adding  to  the  library  by  exchange  during  the 
comiog  year. 

Throagh  the  provision  of  new  quarters  for  the  Bureau  of  Interna- 
tional Bxebanges  I  have  been  enabled  to  assign  two  additional  rooms 
for  the  use  of  the  library,  the  one  for  a  collection  of  books  required  for 
refei'eDce,  anil  the  other  as  au  olhce  for  the  librarian,  to  the  very  great 
advantage  of  the  service.  A  room  has  also  been  set  apart  for  the 
collection  of  prints  belonging  to  the  Institution. 

The  reading  room  of  the  Institution  is  no  longer  adequate  for  the 
large  collection  of  scientific  periodicals  received  and  for  the  persons 
desiring  to  consult  them.  As  it  is  not  possible  to  assign  any  additional 
room  for  the  library  at  present,  I  am  considering  a  plan  for  some  modi- 
ficatious  in  the  present  reading  room  which  will  render  it  more  suitable 
to  its  purpose. 

The  total  number  of  iinhlications  of  every  kind  received  during  the 
past  pear  reached  39,820,  au  increase  of  nearly  9,000  over  the  previous 
year. 

THE  HODGKIKS  FUND. 

The  many  responses  to  the  large  number  of  circulars  announcing 
the  terms  of  the  Hodgkins  competition,  nnd  tlie  numerous  requests 
tor  further  information,  ha\'e  sitown  that  a  wiilesprcad  interest  in  the 
subject  has  been  awakened.  In  February,  1894,  a  second  edition  of  the 
(^ulars  announcing  the  prizes  became  necessary,  which  was  issued 
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srtain  fand,  of  vhich  the  United  Stntes  bas  accepted  tbe  custody,  for 
iie  *sspecial  purpose  of  '*  the  increase  and  diffusion  of  knowledge 
uion^  men,"  so  that  its  purpose  in  its  most  general  sense  is  not  limited 
>  the  people  of  the  United  States  of  America,  but  extends  to  all  nian- 
iiid.  This  has  been  interpreted  as  indicating  such  a  direction  of  the 
ctivities  of  tbe  Institntton  as  shall  result — 

(1)  III  the  increase  of  knowledge  by  original  investigation  and 
tndy,  either  in  science  or  literature. 

(2)  In  tlie  diffusion  of  this  knowledge  by  publication,  not  only 
lirougb  the  United  States,  but  everywhere,  and  especially  by  promot- 
■1^  au  interchange  of  thought  among  those  prominent  in  learning 
imoiig  all  nations,  through  its  corresixmdents.  These  embrace  insti- 
atious  or  societies  conspicuous  in  art,  science,  or  literature  throughout 
ite  world. 

Ita  publications  are  in  three  principal  issues,  namely:  Tbe"Gontriba- 
cionB  to  Knowledge,"  the"MiscellaneousCollections,"andtbe"ADnaal 
Beport."  Numerous  works  ore  published  annually  by  it,  under  one  of 
tliese  forms,  and  distributed  to  its  principal  corres])ondents,  while 
tbere  is  also  published,  at  the  expense  of  the  Government,  an  edition 
of  tbe  Beport  of  the  Board  of  Regents,  containing  an  account  of  the 
operations  of  tbe  Institution  during  each  year,  which  is  distributed 
throngbout  the  country  by  the  Congress. 

Tbe  Institution  has  been  authorized  bylaw  to  deposit  its  original 
fund  in  the  Treasury  of  the  United  States,  and  it  has  further  been 
aathorizcd  to  accept  certain  special  bequests  made  by  individuals, 
where  these  have  been  such  as  to  promote  its  general  purpose,  "Tbe 
increase  and  diffusion  of  knowledge  among  men,"  Thus,  for  example, 
the  Institution  has  accepted  and  administere<l  a  fund  which,  under  tbe 
name  of  the  donor,  is  called  "  The  Hodgkins  fund,"  and  which  is  given 
for  the  especial  purpose  of  "  The  increase  and  diffusion  of  more  exact 
koo^vledge  in  regard  to  tbe  nature  and  properties  of  atmospheric  ait 
In  connection  with  the  welfare  of  man;"  this  fund  is  also  deposited  in 
the  Treasury  of  the  United  Stales.  Other  donations  have  been 
received  and  are  administered  for  other  specific  purposes. 

The  seat  of  tbe  Institution  is  at  Washington,  but  its  activities  reach 
throngbout  tbe  world  iu  various  ways,  and  principally  through  tbe 
system  of  correspondence  already  r^erred  to.  The  present  number 
of  correspoudenta  is  about  24,000,  and  by  means  of  this  system  the 
Institution  not  only  gives,  but  receives,  communications  &om  men  of 
learning  in  all  countries. 

In  tbis  and  other  ways  it  has  gathered  at  Washington  a  special 
library  of  books  bearing  upon  the  history  of  arts,  sciences,  discoveries, 
and  inventions.  The  library  now  includes  300,CiOO  titles,  the  greater 
proportion  of  which  is  by  permission  of  (Jongresi^  deposited  in  the  same 
building  and  accessible  with  tbe  National  Library. 

Besides  the  above  activities,  which  are  curried  on  with  the  special 
fund  already  referred  to,  of  which  tbe  nation  has  consented  to  act  as 
the  guardian,  there  are  certain  bnreausor  divisions  of  the  Government 
which  the  legislature  bas  placed  iti  its  especial  charge,  and  for  tUe  cost 
of  which  Congress  has,  at  diflerent  times,  ma<Ie  special  appropriations. 
In  this  way  it  has  placetl  under  the  charge  of  the  Institution  the 
United  State8NationalMuseam,the  Bureau  of  International  ExchangeB, 
the  Bureau  of  Ethnology,  the  National  Zoological  Park,  and  the  Astro- 
physical  Observatory.    Tbeae  also  are  administered  by  the  Secretary, 


n,g:,.-ndtyG00gic 


ats.     The  present  Secretur  1 
n  all  commlUli<^atioQS  shoold  1 


uiatamt  in  Charge  of  Office. 

all  who  might  be  interested.  1 
mpetition,  it  was  found  tbai  | 
I,  ID  various  instances,  faiW 
;utled.  This  fact  led  to  tb« 
1  to  l>eceniber  31,  1S94.  A 
(lat<!,  ami  ofleriug  to  re*orn. 
which  had  been  already  sob- 
ed  to  all  competitors,  beside* 

sail  wil<iTi*4  ft  Toaa  doniKir  lea  rCDwip* 
ila  Pulenenl,  F^f^nl  daSH  I«  bnt  dr  p*^- 


,ii.pl». 


llnstilnl,  A  rt-mption  du 

!,>  d*  ■■  SccretWT  of  th*  iBstitatioB.*' 

tVH-  pir  QD  Cnswil  d'AdmliiiMmx* 


•■!■•'■  rti  Jjsa  tf  at  Oirre^^ 


ty  Google 


BEPOBT  OP  THE  8ECBETARY.  15 

^£ug   pnbllshed  in  several  of  the  leading  scientific  journals  of  this 
L>uiitFy  and  Europe.* 

XJp  to  June  30, 1894, 259  memoirs,  printed  and  mauuscript:,  faave  been 
e<;eived  iu  coimectioa  witU  the  com]>etitioii,  lepreseuting  corresiK>ud- 
i_at8  in  the  United  States,  Mexico,  Eaglaiid,  tjcotland,  Norway,  Deo- 
Listrk,  fiussia  (iuclndiug  Finland),  France,  Belgium,  Germany,  Austria- 
liungary,  Servla,  Italy,  aud  British  India. 
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.AveloppementetUpWipiKatiiHi  d'niic  i^iiualManie  plus  prtelBeiarle  lujet  do  la  nature  et  deapru- 
ir-i^t^ri  du  I'air  HtmoHphtriquepar  rapport  aa  bLeo  Atre  huniaint"  lumiDQ  qiil  out  dgalummitd^po^^e  ail 
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Las  oumbn dcB l^orTc^pdaDU aV'IM-e sctDeCltqiieut  ■  U.WM  viiviruD  e'cliil  punnet  suD  mulmeiit de 

p»r  en  mojen  et  par  d'aatm  enoore,  I'loBtltut  a  r«uBl  ft  ^TaalilnBUn,  nne  blblloth«^ue  tpiclalede 
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10ll,IMKIouTrBges.  <iontlapliugraDrietMirtfeai^t«.parperDilHl0IlduCaDjir^B,d4puH«e  AlaBlbllotli^ua 
N  ationale.  oti  lis  peuvent  I'ltm  u>iiiiull6a  avec  laa  anlrea  rl<:liaaaei  dela  ItibllDiLitqiie. 

£d  debOTH  dn  r^tte  spb6roi!'aotLon  dont  1m  nioycni  lui  nunt  fournls  par  lea  fonds  partlrnliera  en 
quflstioD  et  dont  le  UuuTenemonl  a  bien  vouLii  aaaiiuinr  la  tulflle.  I'luilllut  a  i\6  sp^cialemvnt  cuinmla 
par  1>  L>«gl>1alnre  A  la  rhu-ie  de  oenalni  a^imrlenieDls  on  rerUini  n  illvinlnns  dii  GnuTBrnimi'nl.  pour 

f.lac^B  Boiie  la dlrKtluudel'IUKtit lit, leliuB^o den  I'.tau.ruin.LeMpartcmeiitdiwRRbuigr'a  Interna- 
itinwix.  le  IMparlemant  d'EthDoloRin,  le  I>aro  National  do  /.aoloiiie.  et  I'UlHervalalre  Aatm-plivalque. 
Toua  cea  #lsb1ia»Dionla  ecmC  dlrigi-r,  pn  le  Seci^Ialre  Perpf'tuel  nnua  lo  cotitrAle  du  CoDaeU 
d'AilminUtnttlon.  Le  twnriialre  actuel  eit  Mr.  H.  1'.  l.uui{ley,4quidevr(nit  ttre  adreaatan,  k  Wub- 
iD^^tun,  Uiutca  oauunDiilDatloiia. 

•  smithsoniak  institution. 

uodqkins  phizes. 

Wasiiinoton, ,  1894, 

Dear  Sik  :  J  beg  leave  to  inform  yoa  that  the  time  withiu  nbich  papers  uiajr  be 
eabniitted  in  competition  for  the  Hodgkins  fund  prizes  of  the  Smithsoiiiaii  loBtitQ- 
tion,  for  eaea^fs  in  regard  to  the  natare  or  properties  of  atmoapherio  air,  haa  been 
extended  from  Jal;  1  to  December  31,*  1894.  Thin  action  baa  betn  taken  for  the 
reason  tbat  mauj  of  the  ciiculara  seem  to  have  failed  to  reach  the  jieraons  for  whom 
tbey  were  intended. 

In  order  that  all  competitors  maj  have  the  adTantage  uf  tbis  extension  of  time, 
tbe  Institution  vill,  npon  ret|uest,  take  pleiuiure  in  r>>tnrniug  pupnre  already  sub- 
mitted ;  all  papers  being  subject  to  tbe  general  eonditioii  rei|uiring  delivery  in 
Waabington  Citj  before  January  1,  1895. 

It  is  preferred  tbat  the  name  and  address  of  each  competitor  bo  attached  to  tha 
mannacript;  it  is  permitted,  however,  that  auyoiie  who  desires  it  may  aeud  his  name 
aud  oddreswiu  such  a  form  tbat  they  can  be  detached  from  tlie  man  n script,  wbiob 
be  may  identify  by  means  of  a  motto. 

The  mannecripts  of  unBaoocsBful  candidatAs  will  be  returned,  if  desired ;  but  the 
proprietorship  of  papers  to  which  one  of  the  prizes  has  been  award->d  will  rest  with 
the  Institution,  which  only  desires  to  give  tbeu  a  wiiie  publicity ;  an<l  no  copyright 
privileges  are  in  tbis  case  to  be  expected  by  the  author. 

Papers  which  have  been  already  published  will  not  lie  accepted  in  competition 
for  tbe  prizes,  but  may  be  eligible  for  the  medal.  This  medal  will  be  awarded  iu 
tbe  same  way  that  medals  ore  usually  awarded  by  the  principal  scientilic  societies, 
the  medalists  being  chosen  from  all  investigators  known  to  tbe  committee  of  award 
and  not  necessarily  from  those  alone  who  have  submitted  papers. 

It  is  requested  tbat  all  packages,  mauuscriiit  or  printed,  intendeil  fur  competition 
lie  marked  "Hodgklns  competition"  upon  the  outside  of  the  wrapper,  and  be 
addrMsed  to  Hr.  8'.  P.  Langley,  Secretary  of  the  Smithsonian  Institution,  Washing' 
ton  City,  U.  8.  A. 

Terf  respeatfiiU7i  S.  P.  Langlbt, 

iSMnW^lc 
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The  work  of  the  advisory  committee  has  beeo  goiD)r  on  syBtematJcallv 
ddrinit  tlie  year;  papers  liave  been  read  and  passed  npoo,  and  manf 
•ftftllmtions  for  granta  considered. 

I'rof.  K.  W.  Morley's  work  on  tbe  determinatdons  of  the  density  of 
vzyiinn  and  hydrogen,  referred  to  in  previous  reports  as  aJded  by  spe- 
4^1  up|>aratnH  provided  by  tbe  Institution,  is  approacblng  completioiL 

Tint  invextigations  undertaken  by  Dr.  J.  S.  Billings  and  I>r.  H,  Weir 
Mil<:li<;II  into  the  nature  of  tbe  pecnliar  substances  of  organic  origin 
*!smtuinfi»l  in  the  air  expired  by  baman  beings,  to  vbich  reference  wm 
matl*^  ill  Niy  InMt  nsport,  in  still  continued  under  a  gnuit  from  the  Hod^- 
kiim  fund,  att  also  are  the  researches  by  Dr.  O.  Lummer  and  Dr.  E 
I'rliiK^hMin,  of  Ilerliu  University,  on  the  determination  of  an  exaa 
uiMi*iire  of  the  «'«N>liug  of  gases  while  expanding,  with  a  view  to  revis- 
luK  thi!  value  of  that  most  important  constant  which  is  technically 
t4^iu-*\  the  "  gamma"  function. 

TItt;  liniitatioiiH  of  the  fund  have,  however,  rendered  it  necessary, 
with  Hli{;)it  i-xi-eplions,  U*  postgrnne  further  action  in  this  dirertion  for 
tiih  (tn-M'iit,  although  it  is  hoped  that  it  will  prove  practicable  at  a.  latAT 
dftlf  to  aid  <«rtjiin  ini]>ortaut  researches  to  which  attention  has  beeo 
iiiviU'<I. 

OOBRE8POm)ENCE. 

Itisditllcnlttoi^nvey  an  adequate  idea  of  the  diversity  of  the  nature 
of  the  i^>rreH]M>iiditnce  carried  on  immediately  in  the  Secretary's  office. 
Without  refci-cnce  to  the  volnmiuons  correspondence  of  the  National 
Mn«enm,  or  the  Hi>e<;ial  correspondence  of  the  Bureaa  of  Ethnology,  tbe 
Zoological  Park,  and  the  BurcAu  of  Exchanges,  constant  inquiries  an 
received  from  all  jtarts  of  the  country  for  inforniation  on  almost  every 
conceivable  topic,  and  retguests  for  statistics  and  for  information  ou  the 
most  varying  scientiflc  subjects.  This  correspondence  all  receives  care- 
rnl  attention,  and,  as  a  part  of  the  aim  of  tbe  Institution  in  the  "  diffu- 
sion of  knowledge,"  an  effort  is  made  to  give  a  full  reply  to  all  such  in- 
(inirici*,  often  involving  an  amount  of  labor  on  the  part  of  the  curators, 
as  well  as  of  those  more  immediately  occupied  with  the  correspondence 
of  tbe  Institution,  out  of  proportion  to  the  merits  of  the  case. 

I  dciiire  to  remark  that  this  increase  of  correspondence,  even  if  that 
npon  the  business  of  subordinate  Government  bureaus  alone  is  consid- 
ered, calls  constantly  for  more  clerical  aid  and  other  expenses  which 
there  is  no  appropriation  for,  and  which  practically  form  an  added 
hnnlcuon  the  limited  Smithsonian  fund,  which  it  ought  not  to  bear,  and 
to  refer  in  this  connetttion  to  what  is  said  under  "Administration." 

Tbe  entries  in  the  registry  book  of  letters  received  daring  the  year 
number  3.*>5'J,  hut  these  are  only  the  relatively  important  letters. 

The  general  card  index  to  all  the  correspondence  in  the  Secretary^ 
office,  which  was  begun  on  January  1, 181U,  is  kept  up  constantly  to  date, 
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and  has  been  extended  back  to  inclade  all  letters  written  or  received 
Blnce  January  1, 1892. 

All  correspondeuce  prior  to  this  carrent  correspoudence  file  lias  beeu 
placed  iu  the  archives,  and  the  letters  that  have  beeu  received  between 
1882  and  1890  have  recently  been  hound  and  indexed,  completiDg  the 
Beries  of  indexes  to  correspondence. 

Iteports,  uieinoranda,anddatacol1ected  on  various  suhjects  not  prop- 
erly belonging  to  the  correspondence  ore  preserved  in  a  miscellaneoaa 
file  and  properly  indexed. 

HISCBIXANEOnS. 

The  Naples  table. — ^The  aDticipations  iu  regard  to  the  Naples  table, 
which,  as  I  have  8tate<l  in  the  report  for  1803,  has  beeu  leased  for  a 
period  of  three  years  upon  the  petition  of  the  biologists  and  universi- 
ties of  the  United  States,  have  been  apparently  justified. 

Nnuieroas  applications  for  the  occopancy  of  the  table  have  been 
received  and  considered.  The  following,  being  favorably  reported  by 
the  advisory  committee,  were  approved  by  me  for  the  present  year: 

Mr.  1).  G.  Fairchild,  United  States  Department  of  Agriculture, 
receive<l  the  appointment  for  October,  November,  and  December,  1893. 

Dr.  W,  M.  Wheeler,  University  of  Chicago,  was  appointed  for  Jan- 
nary,  February,  and  March,  1894. 

Ur.  H.  C  BumpuB,  Browu  University,  appoiut«d  for  February, 
March,  and  April,  1894. 

Prof.  Lewis  Murbach  received  an  assignment  of  three  months, 
beginning  June  20, 1894. 

Desiring  to  give  to  all  investigators  an  equal  opportunity  to  avail 
themselves  of  the  advantage  of  a  seat  at  the  Smithsonian  table,  it  has 
been  decided  that  final  action  upon  an  itpplication  may  not  be  taken 
more  than  six  months  in  advance  of  the  date  for  which  the  table  is 
desired,  and  that  should  more  than  one  application  be  filed  for  the 
same  period,  in  cases  of  presumably  equal  merit,  the  assignment  shall 
be  made  according  to  priority  of  application.  It  has  also  been  deter- 
mined that  no  appointment  shall  be  made  for  a  period  of  more  than 
six  months,  although  an  occupant  may  apply  for  extension  of  time  or 
for  reappointment  at  some  future  date. 

Students  who  are  appointed  to  the  table  for  the  full  term  of  six 
months  are  desired  to  report  to  me  at  the  close  of  each  three  months  of 
their  occupancy;  those  appointed  for  a  shorter  period  are  expected  to 
make  such  report  at  the  close  of  their  assignment. 

In  several  instances  the  time  desired  by  an  applicant  overlaps  that 
of  another,  as  is  the  case  in  February  and  March  of  1894,  but  through 
the  ready  courtesy  of  Dr.  Dohru,  director  of  the  station,  who  kindly 
offered  to  arrange  for  the  accommodation  of  more  than  one  occupant  of 
the  table  at  the  same  time,  it  has  thus  far  been  found  possible  to  make 
the  appointments  without  disappointing  a  student  on  this  account. 
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With  ariewto  prulitin^  b^tbe  jtHlgment  sf  <wr  reprcaeBtaiiv«bui» 
twists  iu  utlmiubceriu^  tlie  iBiurs  of  the  Napier  tab(«,  I  re«)iiested,  at  ai 
»Mnly  datf.  the  presiiient  i>f  the  >'uri«M»aI  Aead«»y  (rf  Scieoew,  ibe 
pr^iti^iit  of  ch«  iSw-ivty  <>(  Ariit-riciui  y^ktaralists,  the  pnsidrat  of  ^ 
Auit>rk-UB  Murphuluifioal  Society,  and  the  premleat  of  tbe  A^sodatieii 
of  Auiem-an  Atiutt)mists  to  ouiuiDute  eiK-fa  ooe  i»emb«'  of  ao  advuorr 
itiiuuiittvv.  the  per»<>unel  of  irbl<-h  is  an  follows^  I  havioi;  de«igiuU«il 
l>iM'tt>c  HilIiiL<r».  ad  chairman,  aail  D»t;(ur  3til«s,  an  secretiu-y  of  the 
(■Oiiituittee: 

AUriaiiry  CDmrnitti-e,  y«pteit  Uiblf. — Dr.  J.  S.  BiUiDgs,  C  S.  A.. 
(llriH-tiiror  tli«  I'uittHl  SratfsArmy  Meditral  Museam.chairtQan;  Dr.E. 
Jl.  Wilst>B,pn.>frs.M>ror  zmilofry.  »_'oJambia  TDiTersity;  Dr.  J.  A.  Byder. 
l>n>tV.'*,**»rwt«ut>ryol.>j:y,  ruiversity  of  Peiiii»ylTaiii«;  Dr.  O.W.  Stile*. 
KiMiloi^ist,  liiitwl  Slittt's  l>e[mrcmeiit  (rf"  Ajrriealtnre,  secretary. 

1  tun  imli-btcd  t<>  this  cotiimtttt^  for  valnablt^  aid  in  examiuing  &t 
tfoliiimiiiiils  lU'tiKiiimi'vin^  applii-aCiuns  tor  theoMnpUH-ytrf'  the  table 
iirul  fiir  MH-iiiiuneiuUitiiHia  wirli  rej::inl  to  appoiutmeuts,  aa  well  as  for 
the  (Mi)iHi<U<mtuiii  Mi  the  varimis  iiuestious  In  i-oD nee tioD  with  the  assign- 

1 >t  of  Hiv  t«l>!e,  to  wliicU  I  have  asked  atteution.     The  contract 

Kiviiitf  to  tln>  liistitiitioii  llie  teiuire  of  tlie  Naples  table  fw  tbe  tern 
of  Ihri'i'  yeaiM  wivs  ^iveti  iu  ftiU  iti  my  last  year's  report. 

Nriilul'lhf  liislitafion, — A  suitiible  steel  die  has  been  prepared  fiir 
tlm  iH'w  Hi'iil  of  Hio  Institutii'u.  i!esi,!:ueil  by  Auguatna  St.  Gaadens,  aod 
foiitially  iiilopied  by  thi>  Hoard  of  Re^-eDtsat  their  meeting  of  Jannarj- 
i:."i.  Irti.l,  luid  the  new  seal  has  beeti  attixe^l,  when  re^intred.  to  fonn^ 
jtiipt'i-*  ultice  I'Vbiimry.  1S!U.  thuujrh  the  drst  nse  of  the  design  w»s 
npiiii  M)i<  I'jtrnhii'N  wiuoiiiiug  ihe  Uod^rkius  prizes,  issned  under  date 
or  Mitnh  :U,  l;s|i:i. 

Tlw  \\'otl,ri,  C.lHml'i'iii  f.V/».«,(i.>n.— The  display  made  by  tbe  Smith 
MiiiiHii  ItiMlitntloii,  inchutiiiK  the  National  Miiseam  and  the  Bareauof 
KUin(il(>Ky,oiiibimt'drolliHtioiispivp;ii-ed  by  tbe  foUowiagdepartmeDts 
of  tbo  itliimMim :  lithn«h.-.'y,  pliysieal  yeol.igy,  mammals,  birds,  reptiles, 
lIshOH,  liim-ctH,  niiirjiio  inveitebvates.  eomparative  anatomy,  minerals, 
pichintorio  aiitliroiH>h.gy,  historli-id  lollectioiis,  a  oollection  of  objects 
illUHtrating  rcligimw  eoit-mtmial,  graphic  arts,  musical  instruments, 
animal  prodmtB,  mid  a  sin-eiid  exhibit  of  domesticated  animals.  Id 
addition,  an  exhibit  illiistniting  methotUof  aborigimd  quarrying  was 
prepared  by  Mr.  Williatn  H.  Holmes,  a  display  of  Japanese  potteries 
was  installed  by  Mr.  Ilieromich  Shngio,  and  an  exhibit  of  early  el»:- 
ttical  apparatus,  employed  by  Prof.  Joseph  Henry  in  his  experiments 
which  led  to  the  discovery  of  the  electric  telegraph,  was  also  prepared. 
Complete  sets  of  the  publications  of  the  Smithsonian  Institution  and 
of  the  National  Museum  were  exhibited,  together  with  those  of  the 
AmericaD  HJHtorical  Association. 

Tbww  collections  are  fidly  described  in  the  report  for  1893  of  the 
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Assistant  Secretary,  who  acted  as  the  representative  of  the  InstitatioD 
opon  that  occasiou.  It  is  only  necessary  to  add  here  that  the  exhibit 
proved  exceedingly  attractive  to  the  visitors,  as  evidenced  by  the 
cro^yding  of  the  space  from  the  opening  to  the  closing  day,  and  by  the 
uumerous  favorable  notices  published  in  the  uewsi>apers  and  periodi- 
cals of  the  country. 

A.  considerable  number  of  the  staff  of  the  Iiistitation  served  as 
judges  of  award  in  connection  with  the  several  scientific  juries  of  the 
I^xposition. 

The  Exposition  closed  on  October  31,  and  the  reabipment  of  the 
exhibits  to  Washington  was  immediately  commeuced. 

At  the  close  of  the  Exposition  several  interesting  collectious  were 
presented  to  the  Institution  by  foreign  Guverumeuts  and  by  individuals 
Avhi<;h  it  has  been  difQcult  to  provide  room  for. 

Id  this  connection  I  desire  to  call  especial  attention  to  the  regret- 
ttible  fact  that  many  exhibits  that  might  have  been  secured  for  the 
N»tioual  Museum,  without  expense  to  the  Goveromeut,  went  elsewhere, 
as  no  provision  could  be  made  here  for  tlieir  exhibition  in  the  already 
overcrowded  condition  of  the  Museum  building. 

Delegates  to  universitieg  and  learned  societies. — The  Smithsonian  Insti- 
tntion  is  not  infrequently  invited  to  send  reprcseutatives  to  special 
celebrations  instituted  by  learned  societicH  or  universities  with  which 
it  is  iu  correspondence,  both  in  this  conutry  and  abroad.  Whenever 
practicable,  special  delegates  have  been  designated  by  the  Secretary  to 
represent  the  Institution  on  such  occasious. 

Dr.  Paul  Ilaupt,  of  Johns  Hopkins  University  and  curator  of  oriental 
antiquities  in  the  National  Museum,  was  apiiointed  as  Smithsonian 
represeutative  at  the  Tenth  Int«ruationa)  Congress  of  OrieutalistH  to 
be  held  in  Geneva,  September  3  to  12,  ISUl. 

Woodculi,  etc. — A  room  on  the  third  floor  of  the  Smithsonian  build* 
ing  has  been  set  apart  for  the  storage  of  several  thousand  original 
woodcuts,  copperplates,  and  photo  engraved  blocks  used  iu  illustration 
of  the  publications  of  the  Institution  and  National  Museum,  These 
blocks,  which  have  now  been  marked  and  catalogued  and  arranged  for 
ready  reference,  are  fi'equently  aske^l  for  by  pubhshers,  and  it  has  beeu 
the  policy  of  the  Institution  to  allow  their  use  for  reproduction  and 
publication  at  the  mere  cost  of  electrotypiug. 

The  expense  of  haudling  and  storage  of  the  collection  of  stereotype 
plates  of  the  difierent  series  of  publications  has  become  so  great,  and 
the  plates  are  so  rarely  called  for,  that  it  has  been  determined  to  dis- 
continue the  preparation  of  the  plates  except  when  tbeir  future  use  can 
he  distinctly  foreseen.  From  pa.st  exi>cricnce  it  is  thought  that  the 
saving  of  the  original  cost  of  electrotypiug  will  more  than  meet  the 
expense  of  reproducing  any  papers  for  which  the  future  may  bring 
special  demands. 
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\Vi':i'']\-iut"-i--   ('.'."•■'■■''     7  ■-    '■'^    .r  -  ;H-  -1  iir-is  Tk*  -  T  Dr.  J.  J. 

W(."fhvtii'1     "//rr   '!■'■  '■r>'''.    •  '/  'j-,^*rv.*  -^".r.V  T*.*  M-i   W*^  ptTBCcd 

f..    Hr't      Nit,*.  /.<►,/■!■  ii- •'  i"  '..  K,  f:r'>-r--.Sr.,Mrd.Dr.a.  M. 

I«t  t'nilti.  I'r.  W  A '(■■".  ■,  ('r  f.  ''.  -..A-'-'f'Wir'r.  Irt-.G.  E.  Warinp^  jr., 
tti  l<.  K  Mlllx.  riKiM'r  fl'"''"'"  AJI'-r>,  liav«:  Minrcbeeo  poUisbed  by 
M.i.  (.".HhiH..ti.  Mil-  In-t  li"  'l"(i  wcl"-""-'!  I"  l^"'- 

f*(..  ». .«.!....,  nM(.(.  Ill  l''M  II.K  I..BMnili-mm»!ived»l,OOOfromthe 
vmI-iK' fi  .t'tiKi'-t  MiiitillloH.  t'ltj,,  «ir  riiillnlf,  I'll.,  Iterineathediu  the  fol- 

t  (tw  «M•tVh^tt>t^  |U><tMt>i<  t(<<tl<>iil>> ol  t lii< Hmittifloiiian  [nstltutioD, 
rii^.^..-ti  .«  W  .*!ii.'i<A«u^  \\  V  .  til  l«i  liivonltx)  l»y  Hiiiil  Kefrents  in  some 
,ytv  itml,  v«it  »i'v  ••.ii.vt>v,t  ui  W  \\\\\\Vi\\\\'\\swty  lilruiiiiilly  b,v  the  secre- 
„,^>«<v  jyi  -tv.   It  >.«>.'.>  N%>  *,  \\w*.\<s\^  tuv  Hiii'U  itnitrllmluiii.  paper,  or  lec- 
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Uncler  reeolntion  of  tbe  Regents  the  bequest  was  deposited  in  the 
T«asaiy  on  the  same  terms  as  the  original  Smithsonian  beqnest.  In 
Iministering  the  trost  the  income  has  thas  far  been  only  partially  aaed, 
at.  &ll<>vred  to  accamnlate,  the  annnal  interest  uot  being  yet  snfflcient 
>  bear  tbe  expense  attendant  ou  the  deaigniugand  striking  of  a  proper 

Stattu!  of  Secretary  Bdird. — In  my  report  for  1892  1  called  attention 
o  a  'bill  iutrodaced  in  the  Senate  by  Mr.  Morrill  to  provide  for  tbe 
rection  of  a  bronze  statne  of  Professor  Baird  in  tbe  grounds  of  the 
nstitation.  The  fbilore  of  the  passage  of  this  bill  was  a  disappoint- 
DCDt  to  tbe  friends  of  the  Institntion,  and  I  sincerely  hope  that  Con- 
i^ress  may  consent  to  make  an  appropriation  saitable  for  such  a 
netnoriiiK 

Anteriean  Historical  Association. — The  mannscript  of  the  annnal 
report  of  the  American  Historical  Association  for  the  year  1893  was 
tn-ansmitted  to  Congress  on  March  3,  1894.  This  is  the  fifth  annual 
report  and  consists  chiefly  of  papern  read  at  the  Historical  Congress  at 
Chicago  in  July,  1893.  The  association  has  no  official  relation  to  the 
loatitation  farther  than  that  its  annaal  reports  are  transmitted  to  Con- 
gress through  the  Secretary  of  the  Smithsonian  Institution,  as  reqaired 
by  its  incorporation  act.  The  reports  are  Congressional  doGument8,and 
the  Institution  has  no  control  of  tlierr  distribution.  The  aasociatioo 
prints  a  special  edition  of  the  reports  at  its  own  expense  and  distribntes 
them  to  the  State,  historical  societies  and  to  a  number  of  foreign  insti- 
tntiousand  libraries.  Under  authority  granted  by  Congress  in  the  act 
approved  January  4, 1889,  a  storage  room  has  been  assigned  in  the 
Kational  Museum  for  tbepublicationsof  the  association,  and  in  the  fire- 
proof vaults  of  the  Institution  the  association  has  temporarily  deposited 
a  valuable  collection  of  manuscript  records  pertaining  to  tbe  early 
history  of  the  telegraph. 

THE  NATIONAL  MUSEUM. 

In  previous  reports  I  have  felt  called  upon  to  insist  upon  three  things 
in  regard  to  the  Museum:  First,  that  the  collections  are  increasing  so 
rapidly  that  unless  additional  space  is  provided  for  their  proper  admin- 
istration and  exhibition  ita  efficiency  will  be  greatly  impaired ;  secondly, 
that  the  collections,  although  growing  rapidly  iu  certain  directions, 
Eire  not  increasing  as  symmetrically  and  consistently  as  is  manifestly 
desirable. 

The  third  point  which  I  desire  to  emphasize,  and  to  introduce  before 
tbe  others,  has  reference  to  the  most  undesirable  and  dangerous  neces- 
sity of  storing  collectionb,  which  can  not,  for  lack  of  space,  be  placed 
on  exhibition,  in  tbe  wooden  sheds  south  of  the  Smithsonian  building 
and  iu  tiie  basement  of  the  building  itself.    The  storage  sheds  them- 
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•f\\^  iif  ii.Tii .  -t-ni"r.uv  •irncnma.  lUMCho'  tire|8»nf  nor  iiarinJi 
-:ii^    [i..i:.»^    ..ii-.ir:..ii<.  .11,11    iii-^-.kn'    itic  iwiv -«>  •■xowileti  Gfaat  Cfa^ 

.-.11 >i  ill   iiun-,    mi    :.i-ii*  irf  i.i.-.    liLL-i  Vfo  perverretl  triim  riit>  par- 

.B"«^  IT  y.ii:i  lii'V  v.-r<-  lu.r.  . -.. '<>r  reniponuy  iTi»rfej»faup«k  aaJ  aii 
<;ii-kiii'_'  ii.ii  ■.■..•.KU-.i.i.-x  'rriim-.  "^t  .iri'iLC.  :i<>n-t>ver.  :i:m  tMim  cImimck^ 
-itt  -•!  •I'utiixiii.'.ii^  All  iv.uLiiiif  4|i:uf.  .LD<[  oi'  diiitiu;:  :joine  piaet  ix 
•Uf  -r..rrii^i-..f  -Tw::!!*-!!.-*  .n-wi-'-ti  n  ■i.iiire  .liciinii.  ziiaC  rJw*  Uodeam 
,i..n  ■M^*ti''"i.[-'';:"l  "i>  i-f  "lie  -rii-«[s  :iir  'iirt;uuiii;iiiie  auu^-iul  tor  vkirb 
riitrt*  :*  »>  .ixnn  -i-t"Vifi-i\  hi  'iif  'xk^^nifiir  i»i'  rlie  )iiiil<Iine  itself 
.tr«*  iiirji*  iii-iiii.'i'i- ."tiilffrn'iis  .u  h'rrW  tmi^kium^  m  'be  bajlc  Many 
Tli4>ri-:<iMi.- -It'  ;.i.itiii»<>t  Ui-Ti'ii.  E'lfif  IiL-tr -ipei'imems.tre  [loC  tme^lii- 
iiitiKi).  inr  ■^<^  y  hit -n' -u:uf  .iri-  -r.>n-<l  iinuietliatttv  amier  tiw  Isrse 
i»\;Mi'iii.in  ;i;iils  if  r'.if  Siiiirl],--nii;iii  imiidiitiL 

t  .li.v-*  'in-  .iwiinii.li>  .'i'  ■••::ifr'-.-*  riuit  i  lir^  •iimmiini cartel  to  tbes* 
iiM.nw  n-..iiiil  iiv-.-;»  *iiriiri-h  'lit*  HiiniT  leinrfii  ot'  riit*  bniNiiiiy,  sod 
.ilr  rir.ii'_';i  rii.'  iiiilr;:ii'.r  .r~'-:f  .w  l:-i-i>r-nir'  .is  ;iiiaJiirtC  ^iiy  onliaory  dan- 
;,'.T.  ,r  m:iv  v.-ll  Ih"  iimiirt^l  n-inrln-r  auy  oi  rlii*  <i>lltfti<>us  tbeiviD 
*>\ii,'.it.-il  iMii  :>►'  r.-^;ii.i<Ml  in  -,i;"t'.  if  tim  n»iriis  immwiiiitely  beiow 
:«liiiiili|  he  .■■;:»i-i-il  ri> -<>  ptH'ii;;:ir' V  •^•v•'^^' A  ■■iinrjiigraciim  a.-*  wooM  be 
c;iii-*>il  l.y  ■ill-  j;i,r.'iti'>r'-H'>f  'ar^f 'liiimntifiofLiitiajiini^ble  u^bieriaL 
l;<-iiil>'>4  rlii-j.  ;ii.-^«»  w.M.i!fii  ■*»*■'!•*.  wliii-ii  ;i,>*  I  imve  alreiMly  intimated) 
HFC  n-'ci]  riof  i>u,v  ii.r  -ir'iii'r'"pm^,  'mr  riir  w')rk.-ibi>[>{*.  ti>r  the  preswr* 
tion  of  ijwiinii-Tis,  Ami  .n-o  a.--  -iiitMi-  fi.r  tlie  i"Arx>»'Qters.  are  likewise 
liiilil'-  tit  r;iu-'i'  .■*tTi'.ii.-li.!'-*^.  -JuMiiii  -.^  dre  bt?  tiiidled  in  any  of  them. 
niKi  itU  '>r  Mir-tc.  I  r'-ftt-iit.  -ire  iiuiufiliu.Ci-ly  nmifr  the  wiiuloirs  of  the 

((I  «  r'-iiorf  ri'<-*-iirly  ^uhmirrpil  hy  .^ne  ot"  ihe  iasi>e<'tors  of  the  As9o- 
fiiilifiTi  of  (-irtr  f-'iidcrwrUfr-'.  in  rfS[«>n*e  t»  a  reijaeat  from  me  for  a 
rttnU'itjciit  ;n  to  wh;if.  iri-iiirArif#^  r:ir*-s  winilii  he  Hsed  apon  the  sheds  in 
f|ii'-iliiiii.  thi'  Sfri)tlj-«iiii;i(i  liiiililiii;;  i^  ri-t'crred  tu  as  Aa  andesirable 
risk,  owiiiu  noltly  to  tlic  pn-ciii*  of  nil  this  iatlammable  material 
(itiiiirrii'iini  iitiil  Id  tin-  !i'lioiiiTii<;  slifds.  oti  which  latter  insarance  can 
iiol  Im' iil.icid  for  l.s-<  tliiin  *U»  per  Al.OoO.  This  is,  I  am  informed, 
iiciii  ly  N'Pi  tirrii-s  tlic  ijiIc,  whir-li  would  he  chargwl  on  an  ordinary  ware- 
hdiiKp,  The  (-liicC  dtiriircr,  however,  ia  not  U}  the  sheds  themselves  or 
Ihpir  i-iiidi'ril>i,  hut  lo  t.ht!  iiiljuinirig  collectioii»  which,  without  refer- 
•>iii'('l,iit)ii'h'  HI  ii'iilifli!  intercut  htit  nier«ly  to  their  intrinsic  value,  repre- 
w'lil, II  v«'iy  liit'Ki'  Hinn  of  money, 

I  ir|n'nt  Hint.  IhiH  roiidittoo  of  iiflairs  is  one  which  urgently  demands 
linriioilliili'  relief,  nml  witli  IIiim  nnieservcd  expression  of  my  opinion  it 
" ns  to  me  Ihtil,  1  hiivo  nuid  nil  that  I  ciiii. 

Apml.  IVoiii  Ihe  daiiiters  iiienrred  hy  the  storage  of  inflammable 
liinleriiil  in  iiinl  utlluiuiiiK  the  Smilliwoiiimi  building,  the  Museom  is 
Htitl  e,.nlh«ili'il  with  Ihe  i«-i.hleMi  nf  Pining  for  the  numerous  collections 
viUlph  ean  n««l  ln'  luw  i'\hihilwU  and  which,  as  I  have  shown,  are  at 
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^lie  present  time  massed  together  io  Btaede  and  baaements.  Daring 
t>he  past  year  the  disadvautages  to  the  Museum,  whivh  have  grawn 
»ut  of  this  state  of  aSairs,  have  beeu  especially  apparent.  Very  niaoy 
valuable  oollectious  which  were  brought  to  Chica^  by  foreign  govern- 
iiients  for  exhibition  at  the  World's  Fair  wonl<l  have  been  offered  to 
the  National  Museum  hiid  not  the  fact  been  so  generally  known  that 
they  could  not  be  properly  accommodated  in  Washington.  The  few 
collections  which  were  ac<iuired  by  the  Museum  at  the  close  of  the 
SxpOBition,  thoogh  not  of  very  great  bulk,  were  e.\ccedingly  vahi- 
»ble,  bat  it  must  be  said  that  the  care  of  even  these  bus  largely 
increased  the  congestion  and  has  been  the  cause  of  ounsiderable 
additional  embarrassment.  1  may  add  that  everything  that  it  is  pos- 
sible to  do  has  already  been  doue  in  the  way  of  rearranging  the  collec- 
tions, with  a  view  to  economizing  space,  aud  of  withdrawing  from  the 
exhibition  series  objects  which  could  best  be  spared  tVom  the  halls. 

I  now  recur  to  the  other  topics  of  importance  connected  with  the 
Mnseam. 

The  Museum  iu  its  present  condition  is  by  no  means  advantageously 
arranged,  with  regard  either  to  the  general  interests  of  the  Institution 
or  to  its  own  importance,  owing  in  part  to  the  fact  that  some  (^  the  col- 
lections, under  the  pressure  of  overcrowded  couditioiiK,  now  occupy  balls 
which  were  intended  for  quite  other  purposes,  such  as  the  so-called 
^'Chapel"  in  the  Smithsonian  building,  or  which  are  unisuitable  for  the 
exhibition  of  specimens,  as  is  indeed  the  whole  of  the  lower  hall  io  the 
Bmithsoni an  building.  Still  more  unfortunate  is  it  that  it  is  impossi- 
ble to  install  different  departments  in  halls  by  tliemselves.  In  the 
Museum  bnihliug,  in  many  instances,  widely  distinct  collections  are  of 
DBoeSHity  exhibited  in  the  same  hall,  and  an  ap|>earance  of  (-xtufusinu 
and  lack  of  system,  which  is  mnch  to  be  deprei^ated,  results. 

There  is  probably  no  museum  in  the  world  in  wlii<^h  so  small  a  pro- 
portion of  the  objects  worthy  of  exhibition  are  visible  to  t)ie  public, 
and  in  which  the  objects  eshibited  are  crowded  together  so  closely. 
This  crowding,  indeed,  has  of  necessity  been  carrie<l  to  such  an  extent 
in  many  of  the  halls  that  there  is  no  space  to  pass  Ixttween  the  cases, 
except  along  a  few  principal  aisles,  and  the  storage  rooms  already 
emitain,  mounted  and  labele<l  for  exhibition,  enough  material  to  fill 
several  halls  more.  It  is  no  exaggeration  to  say  that  if  tliore  were 
another  building  as  large  as  the  present  ono  it  could  within  a  very 
short  time  be  filled  with  specimens  alreiuly  here,  and  that  the  two 
baildings  together  would  seem  as  fiilly  occupied  as  do  now  the  buildings 
of  most  other  mnsenms. 

I  earnestly  call  attention  to  t)ie  proper  inference  from  these  state- 
ments, which.is,  not  that  one  building  can  be  made,  or  is  being  made, 
to  do  the  work  of  two,  but  that  the  one  building  iu  question  is  almost 
ceasing  to  fulflll  its  proper  function,  and  tends  more  and  more  to  the 
conditiou  of  a  warehouse,  to  tli«  detriment  of  its  proper  museum  uses. 
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fn  irrftrTt  -^i^i^  =  -ms^  i  ^:-.r  u._jm?  -bis  mareaBUigcionliDEc' 
nf  rim  utli^  _  tin-  ;r  «>^  -"•r*  ■^^i-t  -'or  an  appropriatioB  fcr  * 
NiMtnoB  ir  ^tilt-^wi-  c  *v>  -r  «l«v  •!  ~at*  'jaOs  in  tfae  Maanui  bold' 
hi(f.  :*iii-!i  ri'»T*«~-  "-^^  TT"*-»i»-i  IT  n  rU«  original  pton  of  tta 
bnilitinc.  jmt  iii->*  luf  ^^ -vi'i^'y-ci  n  -m-ti  .»  manner  asnottodanc 
fW>m  nl)t>  .M)i>r:icuit—  '('"sr  taJ;-  t  ^^  imT-w>*  with  the  insttllltiMiof 
rh«  ■•olWr.iimL  Tn"-  •mi^.i  ul><nt  .-r-  -nurvrtul  K;liefill  the  BMttffct 
«Ylii)>inim  .Mitt  .n«i;r-^':"   n  ".ii»r  if  -tumur. 

TlnT^  h-M  -tf^^  "1=  i'~«*  -©'f  Ti  n«.T^»ii«f  riit*  bult  of  the  «*«(«» 
*lih»ii;!h.  M  m  Tr-\-..tu*  •rirs.  m  iiir>.>raimr>-  bus  be«n  sprnd  » 
inrn'iwM'  the  •^nIl^iM^r^l-!ll  u<i  *-!*mnrt*'  r;uiitt  .*t'  cbe  series  in  ae«nl 
,)*»l.*mnenc* 'jv  u.i.*  ii:.,.-.'n.it  «)»;»-iai  ie>-iitfraC4.  yolwith»t»4K 
till!*  lin't.  tlie  iiuT^mi^-  ir  m  V-j-Totiatw  *tmn-««J.  eupeciaUy  frwuiif 
V4rii>ti:t  I>'inkmnen-.*'t  :  :<•  tV-wnmeut  wiin.-ii  ;»re  reioinjd  by  b«B 
,tft""*it  tlifir  ;ii!riimiilai:tn-*  J-Tv.  !uft  ~>e«a  aiorv  ctiiui  1 71,001)  speeiBfi*- 
Ihi*  ti.t-U,  ;*lrh.in;:li  ii.'a?L«  to^c  <>{  £ii«  prwions  year,  was  &rbeio» 
tti.tt  for  ly.)-^  wh.'Q  :.i>tt.ni»>  spwiaMMUi  wt^rw  onidtHi  to  ibe  coUectioos, 
^fxl  iH.t  vtry  marh  irr«»ter  (ban  tiiM  6>c  l-«l.  The  dfclIio|:  off  in  I®' 
y,  MM  <liie  b>  the  fwt  that  the  entire  acti vines  o(  the  M[i:£«am  staff  ven 
,l,.*"l<tl  to  prepMrations  for  the  WorM"»  Fair,  and  tbac  a  Urge  Dnmbff 
,,i  ilix  <-4>i-ri-H|M>iiilcntK  of  the  lo^tiratiOQ.  as  weU  u«  other  peRioiistn 
,  ii'iti  till'  itiiiiitik)  iiicrea-'W  Ls  ordiDarily  dae.  were  also  o<n.'iipled  in  l^ 
.,,.1  «.>i.  Ai.irriunproportionofthe»eCT»si.>ii*iD  ijftM  were  aoi'""*' 
,,  1  111  ill.. .i.i)t' th«  World's  Fair  in  Chicago.  These  were  almost  wUi- 
|,..i  ,  v..  I'""" '■""■•'■f'"""  which  h«J  been  prepared  by  foreign eihib- 
'^,,,, ,  sMtli  tliK  Miiii[li4i)iiiaD  iDstitntion  in  mind  as  Ch«  altimate  plMe<" 
,,  i..,  ii   .tiiil  uliii  h  wt>retifint  hereat  tbecloset^the  expo^itfon- 

II  ti"'>l'>  li»^«>  Ih'<'||  possible  to  have  obtained  an  touDen^  bdiiiIw 

,,    ,.. .  »i,ii>-.i>ii  this  occasion,  bnt  it  was  deemed  proper  to  refrain  fw" 

,  ,i,.,i  >  lu  lliii  tliii'ction,  not  only  because  of  the  cooaideratious  josi 

,   „  ,  1 .  it  III.  lull  iil-ii  on  Acc4mnt  of  the  desire  of  the  people  of  Clucago 

J  .  ,.  I  Mil  mil  h  oli|tHts  ill  their  own  city  as  a  beginning  toward  agw** 

,,,,,    III. I  •cum  Mhich    might  serve  as  a  permanent  memorial  oft" 

^v    ,11..  (  iiliiiiibiiiii  KxiKwition.     It  hjw  always  been  the  policy  of  the 

,  .,.,1,  .iiiiiiii  liinliliitiiHi  to  oiutouiage  the  dev-elopmeiit  of  such  instiBi' 

lit)  I'liiU'il  Stati'a,  and  to  assist  in  deveiopiQ?  ***'"' 

1  iniuiy  proffers  of  specimens  were  declined,  witbtM 

lilt  tlH<y  lH^  offered  to  the  Chicago  Mnsenm,  w^  ^ 

ihi  to  tlii  HO,  the  attention  of  exhibitors  who  bad  «' 

dl',  witit  diluted  toward  that  institution. 

iiiiiitliiin  of  tho  nniuber  of  specimens  dow  coato""* 

I  ImimtM  of  (lie  Museum  shows  that  the  total  is  a^' 

<(!i  iiiilliiHiM,  itlniost  all  of  which  have  been  f>0<]'''^ 

I'oi  iiiluM'  s|HH'iinous, or  as  an  equiv^eut  fi>r  potHi- 
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NotwitfastADdiag  the  ansymmetrical  growth  of  the  MuBeam,  to  wbicb 
I  have  already  alluded,  there  are  some  very  eoconragiiig  featured  in 
connection  with  the  increase  of  the  coUectionB,  Every  day  oameroas 
Bpeoimens  are  coutribated  by  persons  who  have  either  visited  the 
Museum  and  wish  to  testify  their  sympathy  with  its  work, -or  have 
become  interested  through  its  pablications  or  by  correspondence. 

IKot  a  few  collections  of  great  value  have  been  given  at  various  times, 
such  as  the  tieorge  Oatlin  Indian  Gallery,  the  Lea  Collection  of  Min- 
erals and  Shells,  the  Bendire  and  Ralph  Collections  of  BuilB'  Eggs, 
the  Lacoe  Collection  of  Fossil  Plants,  and  the  Collection  of  the  Ameri- 
can Institute  of  Mining  EuKineers,  which  latter  was  transferred  at  the 
close  of  the  Philadelphia  Centennial  Exhibition. 

Since  the  accessions  are  almost  entirely  gifts,  it  is  manifestly  impos- 
sible that  the  Museum  collections  should  grow  symmetrically.  A  lai^e 
proportion  of  the  annual  accessions  are  not  suffldently  valuable  to  be 
added  to  either  the  study  or  exhibition  series.  They  are  all  nsefol, 
however,  in  connection  with  the  preparation  of  duplicate  sets  for  (lis- 
tribotion  to  educational  institntions.  The  distribntion  of  duplicate 
material  has  been  continued,  and  more  than  twenty-seven  thousand 
Bpecimens,  consisting  principally  of  marine  invertebrates,  rocks, 
minerals,  fishes,  and  casts  of  prehistoric  implements,  have  been  trans- 
mitted during  the  year  to  other  museums,  colleges,  and  normal  schools. 
The  report  of  the  Assistant  Secretary,  in  charge  of  the  National 
Museum,  contains  a  list  by  groups  of  the  material  distributed,  as  welt 
as  a  geographical  statement  of  the  institutions  supplied.  The  same 
repoi-t  also  includes  a  list  of  the  distributions  of  material  made  during 
the  last  thirty-five  years. 

1  have  found  it  quite  impossible  to  comply  with  all  the  applications 
for  Bpecimens  Irom  universities,  colleges,  and  other  museums;  not  can 
UiiB  be  done  until  Congress  shall  appropriate  a  sum  of  money  suflicient 
to  render  possible  the  employment  of  competent  persons  who,  under 
the  sapervision  of  the  curators,  can  devote  their  time  to  separating 
the  duplicates  in  the  various  collections,  and  arranging  them  into  sets 
for  distribution. 

I  may  assume  that  it  is  the  intention  of  Congress  that  the  National 
Museum  of  the  United  States  shall  be,  so  far  as  a  museum  can  be,  a 
worthy  exponent  of  the  natural  resources  and  scientific  achievements 
of  the  nation;  that  it  shall  be  worthy  the  attention  of  visitors  to  the 
capital;  that  it  shall  perform  its  proper  functions  as  one  of  the  scien- 
tific departments  of  the  Oovernnicnt,  and  shall  also  promote  the 
acientiflc  and  educational  interests  of  the  country  at  large. 

It  seems  worthy  of  note,  then,  that  while  in  almost  all  the  largest 
cities  of  Europe,  including  fjondon,  Paris,  Berlin,  St.  Petersburg, 
Viensa,  and  Florence,  the  national  collections  are  exhibited  in  groups 
of  buildings,  here  in  Washington  all  similar  collections  are  brought 
together  under  the  roofis  of  the  SmitliBonian  and  National  Museum 
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bwidiBgs  wad  the  Anny  Medical  Moseom  bBldm^  Tbe  pnetia 
wkirb  km  m  Urj^y  obtained  abroad  in  Uus  re«pect  is  C«  kmv  Ra- 
aaaa  «B&>rtiiDat«',  Kioce  much  labctr  is  daplicated  aod  etdleetaass  af 
Kmilar  vbaravter  are  fooDd  Krowjng  np  in  diflferait  pcula  of  tke  m»c 
rity.  It  ha«.  however,  it^t  advantages,  for  where  tlw  oatHaal  eallae 
tioDit  are  eshibiU^  in  a  groap  of  niu'eiiHs.  eaeh  woold  have  its  owb 
Bpare.  and  there  would  be  eatployed  in  each  baildin^  a  stsff*  as  bu^ 
aM  ttiat  which  ix  here  coueerned  in  tk>e  admiaistratioa  of  tbe  whole. 

TIte  Ntttional  Musenm  will  sorely  in  tiaie  at  least  e<i«al  in  Bze  aa4 
importance  the  inuseumB  of  mniilar  chaneter  in  any  wf  tbe  natioaal 
oa|>ital8  iu  Europe.  Now  is  tite  time  for  obtaiuiog  Bsny  kind>i  «f 
objec-tn  sacb  as  it  will  be  impnesible  to  obtain  after  the  cowitrr  has 
b«!ome  more  thoroughly  settled,  wheu  its  Datoral  featareASBd  its  large 
aiiimalH  will  have  been  destroyed,  and  iU  alMingiral  ioHabitaDte 
deprived  of  their  race  characteristics.  Tbe  time  is  rapidly  apptaatfcr 
iiff  when  many  dcBirable  objects  can  do  looser  be  obtaiiMd.  sad  it  is  a 
'  tier  of  deep  regret  that  valoable  ooII«ti.His  are  bein?  coastantlr 
""^mrted  to  the  Old  World  musenm*,  which  are  able  to  pa j  ftr  tfcen 
■  I  Intely  beyond  the  reach  <»f  any  Antericaa  institviiim.  and  I 
prtceH  abw)  J^^j^  j  ^f  jhe  regrettabk  fact  th;U  mjl  only  the  Awncsa 
rei^eat  my  bu  ^nierica  to  stml y  some  important  brmnefaes  af  tbe 

^tiHient  must  ^  ^,„gri,.aQ  race.^,  but  that  tbe  national  eoUertioas  are 
liislory  of  ni»tiv  |„jt),er  backward  iu  this  regard,  as  cuBpared  with 

n.Utivelyfallmp-j^^^^^^.^^^^_ 

th"'-^  "f  "'="'■       , , .  thortt"iv.  to  »heck  the  current  of  acve^stoas.  Sir 

It  is  ii"t  rt<l *"''■*'  '\^^  |.|,„it)*r  <>i'  wi'jefts  arw  pn>eiire«i  witboat  east, 

f^Ax  \i-«  »  '^'^'-      I!'*-wv,.-t  S-e  secure.!  at  any  prtof. 

^■■■<h  ■■"  *  '*'"  -^V"*^!..*,'  m  i-  cr;t>arras»e»t  tl-r  L*ck  m'  $p<ace  aad  tar 

X:*tM^  <■■■''  '■'•*'  \    '  ^.i,..n:*yTi"i'^'^''"''^'^''*"*''"-'P""*'*  tbeeeUee- 

j,  ,M  s*'*^*"*  ■''  ^*"""  ,.  ,-^  r.vv-^Nkry  tiiai.  an  edicwnS  -^taf  of  evrators 

.v>V''  "'■■■"'   '  *'    "  '^  ' '  ■■■    ci-'^f  ^*'  ?"'^?*«^'^ '11*  aiAH-rial  already 

'.^      ■  •  "v  ,vi' *'•'"    ■'  *"  *   '.",■- viir -i  ■^ — cii:s>  ajiiewi,  b«Qg  ibeir 
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and  their  aBsiatanta  to  perform  the  argent  work  of  their  departments. 
In  a  degree,  thit)  is  attributable  to  the  growing  frequency  of  the  demand 
of  edacational  institutions  and  the  outside  public  apon  the  staff  for 
information  and  aid.  For  the  safe-liecping  of  the  collections,  whose 
iucreasein  value  has  rendered  therespousibility  of  custody  mnch  greater, 
the  force  of  watchuien  should  also  be  increased,  while  to  insure  proper 
cleanliness  of  the  floors  and  cases,  a  largernumber  of  laborers  and  clean- 
ers should  be  employed  than  is  possible  with  the  appropriatiouof  the  pres- 
ent year.  It  is  hoped,  then,  that  the  appropriation  for  the  preservation 
of  collections  may  be  restored  to  at  least  the  amount  at  which  it  stpptl 
^lien  the  reduction  was  made  in  18i)3;  though  even  tfais  sum,  aa^  l| 
liave  attempted  to  show  in  my  letters  year  by  year  accompanying  the 
estimates,  is  far  below  what  is  needed  for  efficient  work. 

It  is  also  hoped  that  the  appropriation  for  fnrnitnre  and  fixtures, 
which  has  been  considerably  decreased  of  late  years,  may  be  made 
larger,  since  the  crowding  of  the  exhibition  balls  renders  it  necessary 
to  reconstruct  many  old  cases  and  to  build  new  ones  in  places  hitherto 
anoccupied,  because  they  have  been  thought  banlly  suitable  for  exbi- 
bitioD,  but  to  the  ase  of  which  the  administration  is  now  driven. 

It  should  be  borne  in  mind  also  that  there  is  constAOt  expense  for  the 
repair  and  renovation  of  tlie  cases  already  on  band,  which  yearly  suf- 
fer considerable  damage  &om  the  throngs  of  visitors.  The  necessity 
for  repair  and  renovation  of  the  building  is  yearly  becoming  greater 
as  it  grows  older,  and  there  being  no  special  provision  to  meet  such 
expense,  its  cost  is  of  necessity,  and  by  direction  of  the  Treasury  antfaor- 
ities,  p^d  ft^m  the  appropriation  for  "cases,  furniture,  fixtures,  and 
appliances  required  for  the  exfaibitiou  and  safe-keeping  of  the  collec- 
tions." 

The  necessity  of  a  more  liberal  allowance  by  Congress  for  printing  the 
publications  of  the  Mnsenm  still  increases,  ^he  editions  are  f^  too 
small  to  admit  of  placing  complete  sets  in  ttie  libraries  of  each  college, 
university,  scientific  school,  normal  school,  and  scientific  society  in  the 
United  States — which  I  deem  of  the  highest  im{)ortniice — as  well  as 
in  every  State  library,  and  every  local  library,  of  importance,  as  indi- 
cated upon  the  provisional  list  which  was  pablisheil  as  Appendix  D  in 
the  report  of  the  assistant  secretary  for  1880.  In  addition  to  these 
institotions  it  is  desired  to  send  our  pablications  to  every  national 
library  abroad,  as  well  as  to  every  great  library,  university,  or  academy 
of  sciences  which  has  a  center  of  scientific  activity.  In  return  for 
the  publications  distributed  to  foreign  libraries  there  is  obtained  in 
exchange  for  the  Mosenm  library  a  large  number  of  scientific  publica- 
tions of  the  greatest  value,  many  of  which  it  is  imi>o8sible  to  buy,  and 
which,  if  purchasable,  would  require  annually  a  large  expenditure  of 
money-  On  account  of  the  present  small  editions,  the  Museum  is 
unfbrtanately  unable  to  send  mta  to  many  scientific  institutions  fron^ 
which  it  might  otherwise  obtain  many  valuable  publicatJous  for  its 
Ubrary.  i  C^OO^Ic 
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tith-^tantlins  tliese  Mrioiut  drawbacks,  ibe  pabbeado^  <tf  tfe 
.ti  l'r.n-.tslm::-*  and  Balletiu)  ara  di»tribat«d  to  aboat  IS* 
(■A  u  '.it'iiif  .iud  .ibroud.  and  more  tban  iwii-eihta  naBberreecnc 
M.;.i.  w-.rt.  S|>e.-i;ili>tJ« are  previoosly  snppUed  with  tbepapen 
.•  ^;  ■r>'ii  -iif  Mu>«am  ia  the  form  of  extras  whirb  pertainu 
^■,*  ...  -.:;.;v^:  .md  tta  the  mailing  lists  of  the  MBj«wn  m« 
■.\  I...  \.v*  -...iix  'j,'(«w  naoHM  of  persons  ibiis  sopplkd.  It  » 
...  .  »,  ..I.  ;:.n  :ii  .utter  tocomply  with  all  ai>pliauiotis.editi[» 
«. '  t.  •,•-  .*&.  i:  ■■.>'-4-!it  w«4ild  be  nec'^Hsarj'. 

■..■.■■.  -,  .,  ^.  .;.■  ot"  :lie  earlier  volumes  «f  ib«  proc«ediB^ 
,....  s  ^  ,,-,•  -nwu  ■•>  l(e  denired.  This  would  enable  the 
u  iv.  .;  ..  r  -•■ -*-!.- ■("  i-^  iinblicatioDs  ill  libraries  which  haye 
.  .>  s..-  .. ..  ^:  -.'  .-I.  Tie  first  foar  volumes  of  the  proceed- 
..  ■-  ^  ^>  !• -1  >>i.:tK  _>  w.Te  reprinted  by  the  SmithaooiaD 
.  ■  ..  ^     i  -..■-■  ..1.-.IS  Cliections,  and  ia  this  form  only 

,A  .v..   -,  .      -,■,       =  .-    T  f  .-^-aally  beeame  i>ev«ssary  to  oeaec 

- -,    -     "■    -;  "  '^s.  owing  to  the  draiu  which  it 

■  -,:.>.    :^'..  -»i  lui^titution. 

.  .     >,   -     -      --».,.  u  »■  rre  supplied  with  the  volomes  thm 

*.-     ■..    -   ,!•  ^'.  .'^v^: neatly,  and  their  desidovta  are 

-•.It*   >.' sLi'itlying  them  fh>m  new  editions. 

-     -o  .  ,-.     ■  !■  It.  iTcr  necessary  t*i  defray  the  cost  (rf 

~     ^    -     •     ■  --.-.     i.>r  0-.ingre38  will  see  fit  to  restore 

.    ::•!  itTinaal  repwt    The  Maseam. 

--*.    .  ^-ti  -Mt-ns.  relies  upcm  its  reports  in 
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The  Institntion  was  at  that  time  in  possession  of  a  large  collection  of 
vocabalaries  aod  manuscripts,  as  yet  nDpabliehed,  which  were  placed 
in  the  bands  of  Maj,  J.  W.  Powell,  who  had  been  previoosly  stadyiog 
the  tribes  of  Utah,  Arizona,  Colorado,  and  New  Mexico,  and  who  bad 
himself  collected  many  vocabnlariea,  and  he  was  requested  to  report 
apon  their  availability  for  the  purpose  in  question.    Major  Powell  made 
a  report  upon  these,  showing  to  what  extent  they  would  bear  apon  the 
sabject  and  what  was  necessary  to  complete  the  work.    Soon  after,  the 
task  was  put  in  bis  charge,  and  it  ha»  been  in  progress  since  that  time. 
Incairyingon  this  work  it  was  essential  that  all  the  Intigaagesof  the 
United  States  should  be  studied.     It  was  uut  known  at  that  time  bow 
nameroDB  these  langaages  were,  but  since  then  a  large  number  of  vocab- 
ularies hare  been  coUected  inaddition  to  those  previoaslyobtained.    It 
bas   been  found  by  Major  Powell  that   these  vocabularies  may  be 
grouped  into  about  sixty  classes,  each  representing  a  distinct  family  of 
laDguages. 

The  liAgnistic  investigation  has  always  bad  for  its  object  to  groap 
the  Indians  by  their  affinities  or  their  languages,  and  to  determine  what 
tribes  may  be  thrown  together  on  reservations.  This  lingnistic  study 
bas  been  continaed  to  the  present  time,  and  constantly,  month  by 
month,  and  year  by  year,  Major  Powell  has  been  in  communication  with 
the  Indian  Office,  famishing  the  facts  necessary  to  group  Indian  tribes 
upon  reservations. 

At  the  request  of  Major  Powell  an  appropriation  of  $20,000  was  made 
for  this  work  in  1879.  The  work  previously  done,  including  the  collec- 
tion of  vocabularies,  was  witbout  expense,  by  missionaries,  teachers, 
and  Army  officers,  and  various  students  of  American  ethnology  have 
been  employed  without  remuneration. 

When  tbia  new  ap^'  ipriatiou  was  made,  it  was  further  asked  that  the 
scope  of  the  research  be  enlarged  so  as  to  embrace  the  habits  and  cus- 
toms of  the  Indians,  and  especially  their  methods  of  tribal  organiza- 
tion and  government,  and  the  system  of  tribal  laws  in  vogue  among 
the  tribes.  ■  With  that  understanding  the  appropriation  was  made, 
and  it  was  soon  afterwards  somewhat  increased,  and  has  remained  the 
same  amount,  about  $40,000,  except  that  one  year  $50,000  was  given, 
80  that  M^or  Powell  might  retire  from  the  Geological  Survey  and 
devote  himself  exclusively  to  tlie  Bureau  of  Ethnology.  Circam- 
stances  prevented  this  at  the  time,  bat  rei;eatly  he  bus  severed  all  con- 
nection with  the  Geological  Snrvey,  and  is  devoting  himself  entirely  to 
the  ethnological  work  of  tho  Institution. 

The  prosecution  of  investigations  relating  to  the  ethnology  of*the 
American  Indians  has  been  carried  forward  during  the  year  in  accord- 
ance with  law  under  the  efficient  control  of  Maj.  J.  W.  Powell,  the 
director,  aided  by  Mr,  W  J  McGee,  ethnologist  m  charge,  as  execntive 
offlcers.  These  researches  of  the  Bureau  of  American  Etbnology 
embrace  the  subjects  of  archaeology,  descnptiye  ethnology,  sociologj 
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'itlft  the  Boroan  ia  order  to  accept  an  important  poaition  In  tbe  Elold 
iolambian  Museam,  at  Cbicago. 

The  study  of  Maya  and  otber  Mexican  codiues  and  insoriptioas  baa 
reeu  Goatina«d  tluriiif;  tlie  year.  Home  of  tlie  antuent  iuscrtptioiis 
lave  heeo  deeipliered  and  api>ear  to  indiciite  that  the  calendar  Hyutemii 
>t'  tbe  prebiatoric  people  of  the  Westoni  tiemiaphere  were  elaborate  and 
*f  oonsiderabte  accaraey. 

One  of  the  lines  of  work  in  the  Barenu  since  its  iiiatitutlon  is  tbe 
^ystamatie  arrangement  of  8«»tteretl  information  relatinf;  to  the  tribal 
names  and  characteristics  of  tbe  IndiauH  found  on  tbin  eontinent  by 
ea^-ly  explorers  and  trnvelerti.  Ibis  work,  which  iuvotvea  exteuded 
literary  research,  togetber  with  cx>rreHpondeni;e  and  conference  with 
travelers,  missionaries,  and  others,  hua  been  carried  forward  durin|{  the 
year,  and  tbe  data  collected  are  arranged  on  cards,  forminK  a  tribal 
dicttoBary,  which  ia  now  quite  voluminous.  Tbe  information  relating 
to  several  tribea  is  now  considered  Hiifnciently  complete  to  warrant 
pablicatiou,  and  |daiiH  have  been  formulated  in  tbe  Bureaa  for  printing 
the  work  in  a  seriea  of  balletins. 

Several  years  ago  tbe  Bureau  began  tbe  task  of  <wllectlng  tbe  rode 
rock  inscriptions  made  by  tbe  Indians  on  bowldura,  cIiHh,  canyon  walls, 
and  tbe  aides  or  roofx  of  caves  in  many  parts  of  the  country.  As  shown 
in  tbe  earlier  publisbed  reports,  these  inscriptions  are  in  some  caiea 
connected  with  symbolic  or  heraldic  pai^itings  on  skins  or  otber  Kub- 
stances,  and  in  some  degree  with  tbe  gesture  si)e«ch  or  sign  language 
so  commonly  employed  among  certain  Indian  tribtts.  The  r«a«ar«k« 
have  been  continued,  chiefly  by  Colonel  Mallery,  and  are  now  subatan- 
tiaHy  completed.  A  nxHiograph  on  pictography  waa  published  during 
tbe  year  in  the  tenth  aonnal  report  of  tbe  Director,  wbile  an  ae^om- 
oanying  monograph  on  gesture  spcecb  ia  nearly  really  for  publication. 
Altboogk  the  work  in  sign  language  is  nut  nnii|ue,  tbe  information 
brought  together  ia  voluminous  and  exact,  and  tbe  work  ia  regarded 
as  eepeeially  interesting  and  uaefnl  to  students  of  primitive  modes  of 
expresHon  in  this  and  otber  conntriea. 

One  of  the  cbief  lines  of  research  in  tbe  Bureau  relates  to  tbe  lan- 
gaages  of  the  aborigines.  Tbe  collection  of  texts,  vo<;abnlarien,  and 
grammatic  material  has  been  continued,  and  reports  on  tbe  subject 
have  been  published.  It  is  thoagbt  that  tbe  primitive  langoages  of 
this  continent,  which  are  remarkable  for  numlier  and  diversity,  give 
aneicelled  opportnnitiea  for  the  study  of  linguistic  development,  and 
with  tbia  view  a  large  body  of  more  or  lews  complete  manam;ript  materia) 
has  been  brought  together  for  pur|H>ses  of  comjiarative  study,  as  well 
38  tbrimmediate  publication.  The  linguistic  manuscripts  are  stored  lu 
Qreproof  vanlts,  where  they  are  ke[)t  a^rc^-iwible  to  philologists  and 
other  students.  It  is  believed  tbat  tbe  maniisfxipt  and  other  lingnistic 
material  in  tbe  possession  of  tbe  Bureau  is  richer  than  any  other  body 
of  Ungiiistic  records  of  primitive  men. 
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I  desire  here,  however,  to  call  atteotion  not  so  much  to  the  extensiou 
of  tliis  system  of  correspoodence  as  to  the  existing  relations  of  the 
Smithsonian  Institntion  and  of  the  yational  Government  to  this 
Exchange  Service. 

The  service  was,  as  I  have  stated,  ioangnrated  iiearly  a  half  cestnrj 
since,  and  at  that  time,  in  the  absence  of  pecaniary  means  other  than 
its  own  little  fund,  the  Institntlon  appealed  to  the  generosity  of  the 
ocean  and  other  large  transportation  companies  to  aid  it  in  its  unselfish 
-work  of  diffusing  knowledge  by  carrying,  free,  cases  containing  the 
communications  between  learne  dsocieties  and  others  in  their  respec- 
tive countries.  Foreign  governments  have  always  recojEuized  the 
peculiar  service  of  the  Institution  by  allowing  its  exchange  cases  &ce 
passage  throngh  their  customs  services,  and  in  our  own  country  past 
Secretaries  of  the  Treasury  have  given  special  instructions  to  like  effect. 
In  later  years  a  most  important  change  in  this  respect,  and  one 
whose  importance  is  still  increasing,  comes  fix>m  the  fact  that  the  facili- 
ties of  the  Exchange  Service  of  the  Institution  are  now  made  use  of 
by  all  branches  of  the  Government  service,  and  the  cases  carried  by 
these  companies  contain  chiefly  Government  pnblications,  such,  for 
iostance,  as  the  Congressional  Record  and  others. 

I  again  call  attention  to  the  fact  that,  though  transportation  charges 
are  now  paid  over  many  lines,  it  is  only  throngh  the  continuance  of  this 
peculiar  privilege  of  free  freight  over  other  lines,  granted  originally  in 
view  of  qaite  other  conditions '  that  it  is  possible  for  the  Institution  to 
continue  the  transportation  of  these  documents  under  the  present 
appropriations,  and  efficiency  and  jiromptness  can  not  be  demanded  of 
the  unpaid  service  apon  which  the  Institution  relies.  It  has  happened, 
for  instance,  that  exchange  boxes  have  been  delayed  seven  months  at 
the  seaport  awaiting  a  convenient  opportunity  of  shipment.  . 

Congress  has  never  made  appropriations  sufficient  to  meet  the  entire 
expenseof  the  exchange  as  conducted  under  the  above  partly  gratuitous 
ocean  service,  even  in  taking  into  account  the  repayment  to  the  lusti- 
tation  of  money  advanced  to  certain  Government  bureaus  for  the  dis- 
tribution of  their  exchanges  and  the  amounts  received  from  other 
bnreaus  ander  the  ruling  of  the  Regents  referred  to.  An  examination 
of  the  records  shows  that  the  Institution  has  in  past  years  expended 
of  its  own  fund  over  (38,000  in  the  transportation  of  Congressional 
docnments  alone.* 

The  office  has  been  laboring  under  the  disadvantage  of  reduced  appro- 
priations, and  it  has  been  necessary  to  cortail  expenses  in  every  direc- 
tion. Toward  the  close  of  the  year,  a  deficiency  estimate  having  fikiled 
to  receive  favorable  action,  it  became  necessary  to  restrict  greatly  the 
shipments  and  to  notify  many  correspondents  that  transmissions  would 

'Tfae  exohftDge  of  GoTenim«nt  Aocuaxenta  is  aboat  70  per  cent  of  the  eptlrs 
axebsnge  work. 
'Hcport  of  the  Board  of  Begente  of  the  Smithaonitui  Inatitation,  1890,  p.  18. 
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be  delayed.  A  great  nainber  of  packages  for  shipment  have  tberefbn 
flcCDtnuIuted  at  tlie  end  of  June,  iuclading  abont  7,000  copies  of  Coi- 
groHKional  documents,  and  the  work  has  fallen  in  arrears  in  otba 
ra()>ect8  in  npituof  the  Bpecial  exertions  of  an  insaffictent  clerical  fora 
tdt  keep  it  up  to  date.  The  funds  available  for  the  exchange  Herrice 
have  been  ako  retlaced  tbmngh  the  inability  of  some  of  the  Gov^- 
niHiit  bureaus  to  meet  their  proportionate  share  of  the  expenses  involved 
in  the  trausmiKMion  of  their  documents  abroad. 

Heferriug  to  the  report  of  the  curator  in  charge  of  the  exchaDgc 
ofHdt,  It  will  be  nmrn  that  over  100  tons  of  books  passed  throaph  the 
excbariKe  oftl<«  during  the  fiscal  year  1893-iM. 

The  disbursomentfl  for  the  year  were  $17,581.89,  of  which  Al^^^Tl^ 
w»i'e  paid  from  the  appropriation  of  $11,500  by  Congress;  $1,729.22 
went  paid  by  (lovernraent  bureaus,  and  $436.73  by  institutions,  socie- 
tif^H,  and  others,  leaving  a  deficiency  of  $914.36. 

Thit  amount  which  was  estimated  as  necessary  for  the  expense  of 
the  Hervice  for  the  flncal  year  1894-95  was  $23,000,  a  sum  which  it  was 
lioiM^l  would  render  it  unnecessary  to  call  upon  the  different  Govern- 
uittiitlmntaus  to  reinibun^e  the  Institution  for  a  part  of  the  expense 
tuuunii\iiHiyiut(  the  transmission  of  their  publications  abroad,  and  w^onld 
alw  glvoeltexit  to  a  second  treaty  entered  into  at  Brussels,  and  pro- 
ttMiniui  ill  1M89,  for  the  immediate  exchange  of  parliamentary  docn- 
nieiitM  iHttwtM^n  the  cxintractiug  countries,  a  treaty  which  has  been 
inoiMfrntive  on  the  part  of  the  United  States  on  account  of  the  lack  of 
afipiopriatioiiH  for  the  purpose,  Congress  having  appropriated  ooly 
$I7,<XM)  tM  (explained  elsewhere. 

TheHmithsontaii  Institution,  through  the  International  Exchange 
Hi:rv\tu;  is  brought  into  close  contact  with  all  of  the  most  important 
librarivH,  HcjentKlc  societies,  and  institutions  of  learning  in  the  United 
HtaUiH,  and  the  valuat)le  services  it  has  rendered  to  them  in  procnriDg 
foreign  publications  has  always  been  cordially  ret^gnized,  but  to  con- 
tinue the  servUw  in  the  condition  of  efficiency  it  reached  a  fev  years 
a(;o,  and  to  kc«p  pace  with  the  ever-increasing  demands  upon  it,  for 
the  transiKirtition  of  Government  documents,  a  larger  appropriation 
ts  indispensably  necessary. 

Many  and  just  <»mi)laint3  of  delays  in  the  transmission  of  exchanges 
have  retwittly  been  reeeived,  and  without  adequate  means  for  the  sup- 
port of  the  service,  these  Government  documents  as  well  as  others,  which 
are  reaching  the  Institution  in  increasing  numbers,  must  be  allowed  to 
accumulate  no  til  even  room  for  their  reception  and  storage  will  be  lacking. 

NATIONAL  ZOOLOGICAL  PARK. 

It  is  now  five  years  since  Congress  made  an  appropriation  for  the 
purchase  of  land  for  a  national  zoological  park.  In  this  time  the  land 
then  nnrnhBAftd  has  greatly  incretised  in  valne. 
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"When  Congress  vas  asked  to  appropriate  funds  for  this  park  it  was 
for  a  simpler  and  larger  parpoM  than  tbat  of  the  presoDt  establishment', 
since  it  was  meant  to  found  it  rather  in  national  than  in  local  interests 
and  largely  in  view  of  tlie  ftkct  that  many  North  American  animals, 
constituting  a  part  of  the  national  wealth  and  formerly  occupying  a 
large  portion  of  its  domain,  were  threatened  with  speedy  extinction. 

Tbe  actual  extinction  of  the  buffalo,  of  wliich  herds  consisting  of 
literally  millions  of  individuals  roamed  the  prairies  less  thau  a  genera- 
tion ago,  is  a  subject  of  knowledge  and  comment  throughout  tbe  world. 
Tbe  beaver,  the  wapiti,  the  moose,  and  many  other  species  useful  to 
man,  which  witbin  tbe  memory  of  those  now  living  had  their  haunts 
and  were  foaud  in  abundance  east  of  the  Mississippi,  are  each  year 
becoming  more  and  more  rare.  It  was  urged  upon  Cougresa  that 
unless  steps  were  speedily  taken  to  preserve  the  remaining  few,  and 
to  bring  them  under  observation,  these  races  must  perish,  as  other 
extinct  species  have  done,  and  that  with  the  disap^iearance  of  the  last 
individual  ail  hope  of  their  renewal  would  be  lost. 

The  reservation  of  the  Yellowstone  Natioual  Park  as  a  great  game 
preserve  had  been  a  first  and  very  important  movement  toward  their 
preservation,  bat  tbe  very  immensity  of  the  reservation  threatened  to 
defeat  the  plan,  for  as  regards  the  rarer  animals,  these  naturally  kept 
to  the  wilder  and  more  remote  regions  of  the  park,  where  they  could 
not  be  protected  Irom  the  maranding  hunter,  nor  (what  is  not  unimport- 
ant) be  observed  by  the  naturalist.  To  retard  their  extinction  (since 
so  long  as  a  single  pair  exists  and  bears  olt'spriuf^  the. renewal  of  the 
race  in  countless  individuals  is  at  least  possible),  and  to  provide  oppor- 
tunity for  their  careful  study,  was  the  intention  of  those  who  first  advo- 
vocated  the  establishment  of  a  preserve  near  Washington  large  enough 
to  keep  the  animals  as  close  to  natural  conditions  as  is  possible,  and 
yet  not  so  large  but  that  they  could  always  be  protected  and  under 
observation. 

The  Smithsonian  Institution  had  for  some  years  received  frequent 
gifts  of  animals,  but  nosuitable  accommodations  esisted,  and  it  seemed 
desirable  that  some  provision  should  be  made  for  the  numerous  speci- 
mens which  came  by  donations  or  from  Government  reservations,  and 
which  were  of  necessity  killed  for  scientific  study  or  given  away  to 
zoological  gardens  in  other  cities. 

The  act  of  Congress  making  provision  for  a  park,  entailed  responsi- 
bilitles  of  a  different  character  from  those  Hrst  contemplated,  for  Instead 
of  creating  a  purely  national  institution  for  a  national  puqwse,  one-half 
of  the  cost  of  purchase  and  maintenance  was  placed  ui>on  the  tax- 
payers of  the  District.  The  indirect  but  quite  evident  tendency  of 
tliislocal  taxation  was  to  divert  a  large  share  of  the  appropriation  to 
meet  the  demands  of  the  local  taxpayer,  and  the  Regents  of  the  Smith- 
soulan,  under  whom  the  park  was  placed,  were  directed  to  "  administer 
the  park  for  the  advancement  of  science  and  the  instruction  and 
recreation  of  the  people."  i  C  iOOqIc 
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When  the  land  was  boagbt  it  was  thought  desirable  to  ioclade  aa 
great  a  length  of  Bock  Creek  as  possible  with  snfBcieut  width  of 
groand  to  afford  large,  retired  paddocks. 

The  park  has  an  area  of  nearly  167  acres,  with  an  ample  supply  of 
water  for  lakes,  ponds,  and  inclosures,  while  the  varied  and  pictnresqae 
character  of  the  banks  of  the  creek  affords  a  variety  of  exposure  and 
of  effect  delightful  to  all  lovers  of  natural  landscape. 

There  are  as  yet  but  four  permanent  buildings  and  the  animals  num- 
ber 510,  of  which  300  are  of  the  larger  size. 

Comparing  this  with  similar  establishments  at  other  capitals,  it  may 
be  noted  that  the  Gardens  of  the  Zoological  Society,  in  Itegetit's 
Park,  London,  established  about  68  years  ago,  cover  about  36  acres  of 
mere  open  common,  crowded  with  buildings,  and  that  the  magnificent 
collection  of  animals,  some  2,300  in  number,  is  housed  in  a  fairly  com- 
fortable manner. 

In  Paris  the  portion  of  the  Jardin  des  Plantes  assigned  to  animals 
is  a  plat  of  ground  some  17  acres  in  extent,  laid  out  tastefully,  with 
all  the  resources  of  the  landscape  gardener,  but  necessarily  crowded 
with  its  900  animals. 

In  Berlin  the  portion  of  the  Tbiergarten  appropriated  for  animals 
occnpies  about  60  acres.  The  buildings  are  ornamental  and  substantial. 
Fifteen  hundred  animals  are  accommodated  and,  necessarily,  much 
overcrowded.    The  landscape  features  are  almost  wholly  subordinated. 

In  the  United  States  the  principal  collections  are  in  Philadelphia, 
where  the  grounds  occupy  about  40  acres  and  the  collection  comprises 
881  animals;  in  Cincinnati,  where  36  acres  are  occupied  with  about  800 
animals  ;  aud  iu  Kew  York,  where  the  ciiy  maintains  about  700  animals 
in  Central  Park,  occupying  an  area  of  approximately  10  acres.  In  none 
of  these  collections  are  the  grounds  of  sufficient  size  to  give  ahy  exten- 
sive range  for  the  animals. 

The  accompanying  diagram  shows  the  size  of  the  National  Zoological 
Park  compared  with  those  of  Loudon,  Paris,  and  Berlin, 

I  ought  not  to  close  these  remarks  without  calling  attention  to  the 
evidence  of  the  use  of  these  gardens  by  the  public.  Even  in  their 
present  inchoate  condition  they  have  received  as  many  as  30,000  visit- 
itors  in  a  single  day.  The  ground  constitutes  a  park  so  adjacent  to 
the  city  as  to  be  accessible  on  foot  to  all,  and  an  expression  which  has 
been  used  elsewhere  may  be  applied  with  no  less  Justness  her©  in 
describing  this  park  as  the  lungs  of  the  city. 

The  natural  advantages  possessed  by  the  National  Zoological  Park 
are  unrivaled.  I  am  not  aware  that  any  city  has  a  zoological  park  of 
such  extent,  so  picturesquely  situated,  and  so  easily  accessible.  It 
is  possible  here  to  provide  almost  any  exposure  which  animals  may 
require,  to  give  them  large  paddocks  with  abundant  shade  and  sedn- 
'in,  or  to  furnish  for  waterfowl  and  other  aquatic  animals  lakes,  ponds, 
long  reaches  of  water,  where  they  can  live  in  almost  perfect  nato- 
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ral  coDditioDS.  These  desiderata  for  the  aDimals  may  be  combined  with 
landscape  effects;  iritli  stretches  of  meadow  and  wooded  hillsides, 
with  overhanging  cliffs  and  ranning  water,  with  dense  shade  and  sunny 
slopes;  snch  as  can  not  fall  to  prove  a  lasting  advantage  and  pleasure 
to  the  pablic. 

It  is  obvious  that  care  should  be  taken  to  develop  this  park  along 
the  lines  which  the  natural  conditions  so  clearly  indicate,  and  that  it 
would  be  a  mistake  to  mar  \t»  beauty  by  huddling  the  buildings  together, 
and  by  crowding  the  animals  into  small  and  uncomfortable  qaartei's. 

Having  always  in  mind  that  the  original  object  of  the  park  was  the 
preservation  of  American  animals,  it  is  intended  to  make  that  a  princi- 
pal matter  of  consideration ;  yet  it  must  be  remembered  that  even  in 
the  interest  of  Korth  American  zoology,  comparative  studies  can  not 
be  properly  carried  on  without  a  certain  proportion  of  animals  belong- 
ing to  the  Old  World.  It  is  to  be  expected,  therefore,  that  a  certain 
number  of  foreign  animals  will  be  included  in  the  collection  wlien  they 
can  be  advantageously  obtained. 

The  Yellowstone  National  Park  has  always  been  regarded  as  an 
important  preserve,  from  which  supplies  could  be  drawn  for  the 
National  Zoological  Park.  Its  distance  and  the  cost  of  transportation 
have  prevented  its  use  to  so  great  an  extent  as  could  be  wished; 
yet  there  have  been  received  from  it  during  the  year  a  total  of  2S 
animals,  among  which  were  a  flue  herd  of  young  elk.  In  order  to 
properly  utilize  the  resources  of  the  Yellowstone  Park,  it  will  probably 
be  necessary  to  construct  there  a  corral  of  considerable  extent,  into 
which  wild  animals  can  be  driven,  inclosed,  fed,  and,  at  the  proper 
time,  secured  for  shipment  Projects  for  a  structure  of  this  kind  have 
been  considered,  but  the  lack  of  funds  has  thus  far  prevented  their 
accomplishment. 

It  seems  neceswry  to  again  refer  to  the  desirability  of  changing  the 
appropriation  act  so  as  to  permit  the  occasional  purchase  of  animals. 
Several  times  during  the  past  year  rare  native  animals  have  been  offered 
for  sate  at  extremely  low  prices — indeed,  for  less  than  the  cost  of  trans- 
portation from  the  regions  where  they  were  obtained.  Among  such 
are  the  Rocky  Mountain  Ooat  and  the  Mountain  Sheep.  This  goat  has 
never  before  been  seen  in  captivity,  as  fiir  as  1  am  aware,  and  the 
sheep  is  extremely  rare. 

In  October,  1893,  the  proprietor  of  the  large  menagerie  which  in  1890 
presented  the  park  with  an  elephant,  offered  to  make  a  temporary  deposit 
of  a  number  of  animals  without  charge.  In  consideration  of  the  words 
of  the  fundamental  act,  "For  the  instruction  and  recreation  of  the 
people,"  it  was  decided  to  accept  the  offer,  such  arrangements  being 
customary  in  zoological  gardena  It  was  stipulated  that  any  animals 
bom  should  become  the  property  of  the  United  States.  The  experiment 
was  satisfactory,  sffording  to  the  public  an  opportunity  of  seeing  and 
studying  at  leisnre,a  number  of  interesting  specimens,  such  as  the  par 
could  not  hope  to  possess  for  many  years  to  come.  ^  GooqIc 
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The  approt)riation  made  for  the  park  for  the  fiscal  year  ending  Jane 
30, 1S94,  VOB  in  the  following  terms: 

For  continuing  tlie  coustruetion  of  roadn,  walks,  liridges,  water  snp- 
ply,  sewerage  and  diainage,  iind  for  grading,  planting,  and  otherwise 
improving  the  grounds,  erecting  and  repairing  buildings  and  inclosun-s 
for  tlie  animals,  and  for  administrative  purposes,  care,  snbsistence,  and 
transportAtion  of  animals,  including  salaries  and  compensation  of  all 
necessary  employees,  and  general  incidental  expenses  not  otherwise 
provided  for,  fifty  thousand  dollars,  one-half  of  which  sum  shall  bei>aid 
from  the  revenues  of  the  District  of  Colnmbia  and  the  other  half  Irom 
tiie  Treasury  of  the  United  States;  and  areport  in  detail  of  the  expenses 
of  the  National  Zoological  Park  shall  be  made  to  Congress  at  the  begin- 
ning of  each  regular  session. 

By  far  the  greater  portion  of  this  appropriation  was  expended  for 
food  for  the  maintenance  of  the  animals,  and  for  keeping  in  proper  care 
and  condition  the  buildings  and  accessories.  The  sum  remaining, 
being  insufficient  for  new  work  of  any  great  extent,  has  been  expended 
in  necessary  improvements,  and  in  building  roads  and  paths  to  the 
different  buildings  and  shelters. 

The  bridge  near  the  Quarry-Road  entrance  has  been  somewhat 
improved  by  the  addition  of  footways  and  copings.  This  stmctnre  is, 
however,  far  from  satisfactory,  having  been  built  Irom  a  limited  appro- 
priation at  a  time  when  it  was  absolutely  necessary  to  cross  the  stream 
to  reach  the  ceutral  portion  of  the  park. 

Certain  questions  involving  the  access  of  the  pnblic  to  the  park,  are 
still  pending  and  are  connected  with  the  plan  of  the  suburban  roads 
now  under  consideration  by  the  Commissioners  of  the  District  of 
Columbia.  The  street  railways  are  by  no  means  convenient,  as  the 
Fourteenth  street  line  is  over  half  a  mile  distant  from  the  park,  and  the 
Bock  Creek  Railway,  although  passing  by  the  western  gate  of  the  park, 
delivers  its  passengers  at  a  distance  almost  as  great  from  thebaildinga 
where  the  animals  are  kept.  The  plan  for  the  extension  of  the  streeta 
of  the  District,  includes  a  carriage  road  outside  the  park  firom  the 
point  where  the  Adams  Mill  Road  leaves  it  to  Kennesaw  Avenue. 
When  this  is  once  established  the  strip  of  ground  between  it  and 
the  park  boundary  should  be  purchased  and  added  to  the  park. 
This  will  be  of  advantage  in  many  ways,  first,  for  seclusion  by  pre- 
venting private  property  from  abutting  upon  the  pivrk  and  second,  as 
making  more  secure  the  cliff  in  the  vicinity  of  the  bear  pits,  which  has 
always  been  a  menace  and  a  serious  disadvantage  because  of  its  prox- 
imity to  the  park  line,  and  the  impossibility  of  properly  treating  it. 

Further  st«ps  will  probably  be  soon  taken  toward  establishing 
eutrances  at  the  southern  end  of  the  park.  If  this  be  done  it  will  prob- 
ably be  necessary  to  improve  the  old  Adams  Mill  Road,  and  to  build 
a  second  bridge  crossing  from  the  promontory  where  the  office  dow 
stands  to  the  meadow  near  the  animal  house. 
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ASTEaPHTSICAL  OB8EBVATOBY. 

I  am  gratified  to  state  that  the  researches  conducted  here  have  con- 
tinued to  ftUflll  the  expectations  held  out  in  previous  reports.  I  believe 
that  the  resalte  attained  may  he  stated  to  be  the  most  important  which 
have  ever  been  reached  iu  regard  to  that  region  of  the  spectrum  of 
which  so  little  is  kuown,  and  which  includes  the  greater  portion  of  all 
those  energies  of  the  sun  which,  through  its  heat,  afiect  climat«  and 
the  crops,  and  are  thus  related  not  only  to  questions  of  abstract  interest 
but  to  utilities  of  national  importance.  The  interest  aroused  by  these 
researches  among  men  of  science  has  been,  very  gratifying,  and  it  is 
hoped  that  it  may  be  found  that  no  money  granted  by  the  Government 
for  scientific  investigation  has  been  more  profitably  employed  than  this, 
even  in  the  restrict^  poiutofviewof  the  merely  utilitarian  advantages 
which  may  he  hoped  from  it. 

For  a  more  particular  account  of  these  recent  resnits  I  refer  to  the 
report  of  the  Observatory. 

Mr.  R.  C  Child  was  appointed  aid  in  the  Observatory  on  September 
1, 1893,  and  Mr.  F.  E.  Fowie,  jr.,  as  photographer,  on  June  1, 1804. 
Mr.  F.  L.  O.  Wadsworth  resigned  the  position  of  senior  assistant  in 
the  Observatory  on  June  1, 1894. 

BespectfnUy  submitted. 

S.  P.  Langley, 
Secretary  o/tlie  Smithsonian  Institution. 
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Apfkxdix  I. 
THE  NATIONAX  MUSEUM. 

8tK:  In  a«cordaDC«  with  the  provision  of  Congreae,  the  Report  of  tbe  National 
MoHnm  ia  pnbLished  m  tbe  aecond  volnme  of  tbe  Saiitbsonika  Report.  I  ehall  bere 
lefer  briefly  to  only  a  few  of  tbe  most  important  featorea  of  tbe  operations  of  the 
Hnseum  daring  the  JtAr. 

Aeee*»ion*. — More  than  171,000  Bpecimens  have  been  added  to  the  collections.  Thie 
is  more  than  double  the  total  for  last  year,  a  gratifying  reenlt,  in  view  of  the  faot 
that  very  little  direct  effort  was  made  to  increase  the  collections. 

Important  collections  have  Iteen  received,  as  in  past  years,  from  tbe  Geological 
Snrvey,  the  Fieh  CommiBaion,  the  Bureau  of  Ethnolo|[y,  and  other  Bnreans  of  the 
Government.  Several  valuable  collections  have  been  received  from  private  aonrces, 
and  some  very  interesting  material  waa  presented  by  repreaentativea  of  foreign 
QovemmentB  to  the  National  Mnsenm  at  the  alose  of  the  World's  Columbian 
Eipoeition. 

The  detailed  report  fur  the  year  will  contain  a  statistical  statement  showing  the 
nomber  of  Bpecimens  added  dnrinf;  tbe  year  to  each  department,  and  for  each  year 
since  the  opening  of  the  Moaeum  boil  ding. 

Tke  ictenUfie  ttaff. — The  ncientiflo  staff  is  substantially  the  same  as  last  year.  A. 
few  chongBB  and  additions  have  oconrred  In  the  curatorships.  Having,  as  Assistant 
Secretary,  reenmed  the  active  direction  of  tbe  affairs  of  tbe  Mnsenm,  tbe  designation 
of  Mr.  Tme  was  on  Hay  9  changed  from  Curator-in- charge  to  Executive  Curator, 
with  special  duties  of  administration.  TheEzecutive  Curator  may  at  times  be  called 
upon  to  take  general  charge  inmyabsenoe.  On  July  15,  Dr.  C.  H.  White,  U.  8.  N.,  was 
recalled  &om  his  custodianship  of  the  materia  medioa  collections  by  the  Secretary  of 
the  Navy.  Dr.  C.  U.  Oravatt  was  detailed  in  his  place,  and  served  until  January  22, 
when  he  was  relieved  by  Dr.  K.  A.  Harmion,  who  was  ancoeeded  on  June  15  by  Medical 
Inspector  Daniel  McMurtrie,  the  present  incnmbent.  Mt.  Charles  Scbnchert,  of  the 
United  States  Geological  Survey,  was  on  May  7  appointed  honorary  aid  in  the  Depari- 
mentof  Paleozoic  Foaila.  Dr.  C.  W.  Stilea,  of  the  Department  of  Agricnltme,  was 
on  March  17  appointed  honorary  curator  of  the  helminthological  collections. 

Dr.  Frank  Baker  resigned  his  position  as  honorary  curator  of  the  Department  of 
Comparative  Anatomy  in  order  to  devote  his  entire  time  to  hia  duties  as  Superin- 
tendent of  the  National  Zoological  Park,  and  Mr.  Frederick  A.  Lucas,  aasiatnut 
curat4>r  of  that  department,  was  on  Ncvember^t  appointeil  curator.     Dr.Bakeris 

now  recognized  as  associate  curator.     On  Jauuar;  I  Mr.  Wirt  Tassin  was  appointed 

assistant  curator  in  the  Department  of  Minerals,  Ulliug  the  vacancy  caused  by  the 

mignation  of  Mr.  William  S.  Yeates. 
DitlribuUou  of  tpt^mau. — Following  the  custom  of  previons  years,  the  transmission 

of  dnplicMe  apeoimeiw  to  edneational  eatablishmenta  has  been  continued,  and  it  la 
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gratifying  to  note  that,  in  comparison  ■with  last  year,  mon  than  double  the  uainber 
ofepecimenBhos  been  thus  distribated.  Of  theOT,16SepecLmeaB  thus  disposed  nt,  » 
large  proportion  represent  inrertebrate  fotms  of  marLDD  life.  Several  sets  of  cocks 
and  ores,  minerals,  and  casts  of  prehistoric  objects,  as  well  as^  few  special  eollec- 
tions  of  insects,  fishes,  birds,  mollusks,  and  other  materia],  wure  included.  In  addi- 
tion, 1,448  specimens  were  lent  to  investigators  for  special  stoily. 

It  baa  for  many  years  been  the  intention  of  the  Museum  to  make  up  a  oainber  of 
duplicate  sets  in  all  the  departments  of  the  Museum,  to  be  need  iu  supplying  educa- 
tional institutiuDs.  AppUcatiooa  for  specimeus  are  received  almost  every  day. 
That  valuable  service  cotild  be  rendered  to  colleges  aud  schools  in  this  nray  does  not 
admit  of  doubt,  but  it  is  impossible  to  carry  out  such  a  plan  until  the  carators  can 
be  Bopplied  with  the  services  of  competent  assistants  to  relieve  them  of  the  work  of 
sorting  out  the  duplicates  and  arranging  them  into  sets  for  distribution.  And  tbia 
can  not  be  arrauged  until  Congress  sees  fit  to  uake  a  lai^e  increase  in  the  Museum 
appropriation. 

In  order  to  give  an  idea  of  the  extent  to  whiob  this  branch  of  the  Mnseum  work 
has  been  carried  on,  even  with  the  very  limited  facilities  now  at  hand,  it  mar  be 
stated  that  since  ISTl  about  370,000  specimens  have  thus  been  distributed. 

Viiiloii. — The  total  number  of  visitors  to  the  Smithsonian  bnildioj;  daring  the 
year  was  103,910,  and  to  the  Museum  building  195,748. 

Piiblicationt. — The  report  of  the  Museum  for  1891  was  published  during  the  year, 
and  also,  in  the  form  of  separates,  ;i  limited  edition  of  each  paper  in  the  appendix. 
The  report  for  1892  is  nearly  ready  for  delivery,  and  the  supural«  editious  of  (be 
papers  in  the  appeuilix  have  already  been  issued.  Volumes  15  aud  16  <>f  tbe  Pro- 
ceediuRS  have  appeared  iu  bound  form,  and  a  few  papers  inclnded  in  volume  17  have 
been  published  ua  sepuratrcs.  Of  the  Bulletin,  the  following  numbers  have  be«u 
published:  No.  43,  A  Monograph  of  the  ButB  of  North  America,  by  Harrisou  Allen, 
M.  D. ;  No.  44,  Catalogue  of  the  Lepidopterous  Superfamily  Noctuidee  found  iu 
Boioal  America,  by  John  1).  Smith;  No.  45,  The  Myria]ioda  of  North  America,  by 
Charles  Harvey  Bollmau ;  No.  46,  Monograph  of  the  Nortb  American  ProctotrypidK, 
by  William  H.  Ashmead. 

t^pecial  Bulletin  No.  2,  Oceanic  Ichthyology,  by  tbe  writer  and  Tarleton  H.  Bean, 
is  in  type.  This  work  constitntes  a  monograph  of  the  deep-sea  and  pelagic  fisbea 
of  the  world.  The  material  for  No.  3  of  this  series  Is  in  couise  of  preparation  by 
Haj.  Charles  Bendire.  It  will  be  a  continuation  of  the  subject  of  No.  1,  Life 
Histories  of  North  American  Birds,  and  will  treat  of  the  cuckoos,  woodpeckers, 
goat  suckers,  swifts,  humming  birds,  fiyoatchers,  homed  larks,  crows,  jays,  mag- 
pies, blackbirds,  orioles,  and  grackles. 

1  have  elsewhere  referred  to  the  pressing  necessity  of  an  increase  in  the  appropria- 
tion for  printiug. 

Speciment  Iranimilled  to  the  Jftweum  /or  ideal ifiixition. — During  the  year  478  lots  of 
specimeus  were  received  for  determination.  Very  little  of  this  material  can  beodvaa- 
tageously  incorporated  with  tite  collections,  and  therefore  the  Museum  receives  but 
little  actual  gain  from  this  work,  which  occupies  a  large  proportion  of  tbe  time  of 
several  of  the  curators,  notably  in  the  Department  of  Geology.  Requests  for  exami- 
nation and  report  are,  however,  invariably  complied  with.  Quautitative  analyses, 
however,  can  not  be  nndertaken. 

Foreign  exehanget.—X  nuTubcr  of  exchanges  have  been  affected  with  museums  and 
individuals  in  different  parts  of  tbe  world,  and  the  National  Museum  has  in  this 
manner  acquired  niiicli  valuable  material.  Among  the  institations  with  whioh 
these  transactions  have  proved  most  advantageous  to  the  Mnseum  are  the  Australian 
Uuseum,  Sydney;  Queensland  Museum;  Technological  Mnsenm  of  New  South  Wales; 
National  Museum  of  CostaRioa;  Musenmof  Natural  History,  Paris;  Imperial  Royal 
Museum  of  Vienna. 
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Bxpl»ration*. — The  AiTthei  eiploratioiui  of  Dr.  William  L.  Abbott,  in  Kashmir, 
India,  the  Sej-chellesaDd  adjacent  islands  in  the  Indian  Ocean,  have  resulted  in  addi- 
tional important  collections  for  the  MuMum.  Several  papers  de.tcribing  his  collec- 
tions hare  been  pnblished  in  the  Proceedings  of  the  National  Miisenm. 

Prof.  O.  F.  Cook,  of  HantiDgton,  N.  Y.,  who  is  now  traTeling  in  Liberia,  liM 
transmitted  a  large  collection  of  ethnological  objects  and  natural  history  speoimena 
from  that  conntiy. 

The  researches  tn  Finland  of  Hon.  John  H.  Crawford,  United  Statea  conanl-general 
at  St-  Petersburg,  Bnssia,  have  reeulteil  in  the  transuiinsion  of  a  moet  T&loable  col- 
lection of  ethnological  objecto.  Ttie  collection  was  accompanied  by  a  descriptive 
list,  miuntely  setting  forth  their  uses. 

Ui.  J.  U.  Henderson,  Jr.,  of  Washington  City,  and  Mr.Cbarlrs  T. Simpson, of  the 
National  MnBenni,  diirin);  an  exploring  trip  iu  the  West  Indies  obtained  for  the 
Hasenm  a  collection  of  Miocene  marl  and  land  shells. 

The  I uter continental  Railway  Commission  has  presented  to  the  Mueeuni  a  large 
collectiou  of  uatnral  history  specimens,  obtained  in  Central  America  by  Dr.  W.  C. 
Shannon.  U.  S.  A.. 

Hr.  Mark  B.  Kerr,  of  New  York  City,  has,  in  couueutinn  with  his  explorations  in 
Ecuador,  forirarded  an  interesting  collection  of  nitnral  h  ietory  specimens  from  that 
country. 

A  collection  of  reptiles  and  fishes,  obtained  by  Dr.  Einar  Lunuberg,  of  Upsala. 
Sweden,  while  engaged  in  an  exploration  of  the  coast  of  Florida,  has  been  added  to 
the  Hnseoin  collections. 

Large  and  varied  collections  have  resulted  from  the  explorations  of  Dr.  Edgar  A. 
Ueams,  U.  S.  A.,  who  is  still  engaged  in  the  work  «f  tbe  International  Boundary 


Respectfnlly  submitted. 

G.  Browk  Goodk, 
Aniilant  Seeretarf  in  charge  0/  the  U.  S.  Jfatianat  Muaeum. 
Hr.  S.  P.  Lakglby, 

Sectttary  of  the  SmitkaoniaK  IssliUtlitn. 
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Sir:  Ethnologic  mesrchM  bmre  l>««o  c«med  forwtuil  dnring  the  year  in  accord- 
ftDce  with  sot  of  CoDgreu  making  pntvuion  "  for  continuing  researoliee  relating  to 
the  American  Indiana,  ander  the  dirartioD  of  the  Smithsonian  Inatitntion.'' 

The  primary  clacsifiration  ot  the  work  is  topical,  and  the  rMearches  pertaining 
to  each  subject  are  divided  between  field  studies  and  office  work  as  oircumstances 
require.  The  chief  lines  of  activity  relate  to  (I)  archicology,  (2)  deecriptive  etb' 
nology,  (3)  sociology,  (4)  pictography  and  sign  language,  (5)  lingufstics,  (6)  myth- 
ology, (7)  psychology,  and  i8t  bibliography,  together  with  (9)  publication,  and  the 
ancillary  exploratory  and  miscellaoeonB  work. 

Thn  claasiRcation  of  the  work  is  more  definite  than  the  aBsignment  of  the  person- 
tiel,  since  clrciini stances  from  time  to  time  require  the  concentration  of  a  large  part 
of  the  energiea  of  the  Bnreaa  on  one  or  a  few  subjects,  ouil  thns  special  aaaigoments 
kre  made  with  advanUge  to  the  work  and,  it  is  believed,  withont  injury,  and  indeed 
commonly  with  beneflt,  to  the  workers. 

■xpLORA-noti. 

The  moat  extended  exploratory  work  of  the  year  was  that  of  Mr.  Cosmos  Hindeleff 
tn  f-onnnctlon  with  arohsologic  surveys  in  the  Pueblo  country  of  New  Mexico  and 
Artrvina.  He  left  Washington  early  in  July,  1893.  and,  outfitting  at  Holbrook,  Ariz., 
pTitrn!fiiltA  to  tlio  Kopi  villages  of  Tusayan,  and  toward  the  end  of  August  to  the 
vaDfty  of  the  Little  Colorado,  which  he  explored  in  some  detail.  Contrary  to 
n^'^tfttloDs  this  region  was  found  to  tie  poor  in  relics  of  the  aborigines;  only  a  few 
•Hisll  and  nnimportaiit  rains  are  scattered  over  the  valley,  and  the  sites  were  appu- 
Kfitlr  rif^njt\rd  tar  short  perioils  only.  It  is  noteworthy,  that  according  to  Hopi 
tmlitiim,  it  waa  along  a  valley  tributary  to  the  Little  Colorado  that  the  Urge  tim- 
M-ri  auvl  In  tliH  c«nstriiction  of  the  Spanish  churchM  and  mission  buildings  prior  to 
tfr^i  wrr  traniported  on  the  bnoks  of  Indians  fh>m  San  Francisco  Moan  tains,  nearly 
t'/,  M.,«sway,  and  that  this  tradition  appears  to  find  corroboration  in  Mr.  Minde- 
^■f  I  vyHtTiiiifo  of  a  party  of  Tusayan  Indians  transporting  poles  from  the  foot- 
A  ••  v<  (f.'  aaiiH'  moiiiitains  over  the  same  route  by  the  nse  of  burros.  The  reason 
!v-  v^  '>srth  nt  ruins  gradually  became  apparent  as  the  explorations  were  con- 
•.  i-ii>><  •(.«  lofHitp-aphy  about  the  Little  Colorado  and  the  character  of  the  stream 
iwa'  '  Mt  •■.'!$  that  its  waters  could  nut  he  controlled  forpurpoflesof  irrigation  by 
»>'.>  Mw."  >t  IbT  command  of  ancient  pneblo  builders;  even  modem  engineering 
Mr       tH  •■■■ui  fur  failed  to  control  the  stream,  althongh  many  efforts  in  this  direction 

'^u:/  at  ..-.irrraU  are  there  flood  plain  lands  snitable  for  primitive  onltivstion 
MfC  »'''i'J*i-w7  r<rw:>»f  irrigation  devices,  uidinsnch placeamins  are  nsDaJlyfonnd. 
Mf);  U^  rHK  near  the  old  Sunset  crossing,  where,  perched  on  the  hills 
■^  Afwl  j'UiD,  can  be  seen  the  rnins  of  ten  or  more  villages,  the  larg««t 
J4  liaTK  an^iimmodated  a  population  of  200.  The  groond  plan  of  this 
'  a  ktmiiKr  of  rei'tangnlar  roonin,  the  whole  bearing  a  strong  rsaen- 
fiim  »f  raina  found  near  the  Tusayau  villages.    Tradilifm  reaitee  that 
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this  village  (or  possibly  a  neighboriug  one)  was  calliid  Homolobi,  and  vas  ooonpied 
by  th«  Watei  geiiB,  tfat)  last  to  reach  TDsayan.  Th»  iDitications  are  that  the  period 
of  occnpaacj  was  abort. 

Hr.  Hindeleff  fonnd  the  river  at  Hormon  crossing  or  "the  Crossing  of  the  Father*" 
too  high  for  fordiog,  and  bis  party  proceeded  with  difficulty  along  the  northern 
bank  to  the  old  SiiDiut  crossiug  near  Winslow.  After  fordiag  at  this  point,  the 
party  proceeded  to  Ctuop  Verde,  crossing  the  MogoUon  Moontains  by  nay  of  Sunset 
and  Chavez  passes.  At  Camp  Verde  an  old  field  outfit  was  taken  up  and  the  party 
returned  by  way  of  FlugBtafT,  reaching  Little  Colorado  River  at  the  mouth  of  San 
Francisco  wash.  This  rcgiou  was  formerly  a  favorite  bunting  ground  of  the 
Tusay an,  large  parties  leaving  the  villages  to  hunt  antelope  and  other  game  so 
recently  as  t«a  years  ago;  hut  the  game  has  nearly  disappeared,  and  theaunnal 
hunting partiesof  the Tusayon  Indians  arenowbutauieniory.  FromSau  Franciaco 
wash  the  party  followed  the  southeru  branch  or  the  river  to  Wlnslow,  and  tlio 
northern  aide  thence  to  Holbrook. 

Leaving  Holbrook  early  id  October,  Mr.  MindelelT  proceeded  northwani  toward 
Canyon  de  Clielly.  Advantage  was  taken  of  the  opportunity  to  exaiulne  the  local- 
ity of  a  supposed  ruin  some  35  miles  north  of  Holbrook,  concerning  which  rumors 
have  been  current  for  several  years,  and  the  supposed  ruin  was  found  to  be  a  nat- 
ural dike  rising  ftota  the  snmmit  of  a  low  hill  as  a  wall  of  black  basalt  over  100 
feet  long,  generally  leas  than  2  feet  thick,  and  aometimee  18  feet  high.  Near  its 
western  end  the  remains  of  a  habitation  consisting  of  one  or  two  rooms  was  found, 
the  ground  being  strewn  with  jjotaherds.  8u  striking  is  this  dike  that  the  Navajo 
guide  insisted,  even  when  standing  before  it,  that  it  is  artificial;  yet  examination 
leaves  no  doubt  as  to  its  real  character.  Canyon  de  Chelly  was  reached  about  the 
middle  of  October,  and  detailed  examination  of  its  cliff  ruins  was  begun  at  once  and 
ooDtinuednearlyto  the  end  of  December.  More  than  sixty  rains  were  examined,  and 
ground  plans  of  many  of  them  were  made  and  a  large  seriea  of  photographs  were 
takeu.    The  results  of  this  survey,  which  is  summarizett  elsewhere,  are  of  great 

Leaving  Canyon  de  Chelly  in  December,  the  party  proceuded  by  way  of  Pueblo 
Colorado  and  Fort  Defiance,  to  San  Juau  Itiver,  where  it  was  planned  to  winter.  In 
crossing  Tunicha  Monntaius  a  snowstorm  iif  unprecedented  severity  for  the  season 
was  encountered,  and  the  party  missed  the  trail  and  for  a  time  were  lust;  among  other 
accidents  a  wagon  was  overturned  in  each  manner  that  Mr.  Mindeleff  was  caught 
beneath  it  and  his  shoulder  dislocated,  whereby  he  was  disabled  for  some  months. 
Fortunately  the  expedition  was  rescueil  by  a  party  of  rauchmen  from  Fort  Defi- 
ance, organized  for  the  purpose  when  tlie  severity  of  the  storcn  was  realized.  The 
success  of  the  expedition  nnd  even  the  preservation  of  the  lives  of  its  members  must 
be  ascribed  largely  to  the  humanity  which  inspired  the  rescue  parly  and  the  energy 
with  which  they  pushed  into  the  mountains,  rendereil  almost  impassable  by  the 
mow  and  wind.  The  expedition  reached  San  Jnan  River  a  few  days  later,  and  soon 
after  disban  ded . 

When  able  to  resume  work  Hr.  Mindeletf  began  a  reconuuissanco  of  San  Jnan 
Valley,  not  completed  at  tbe  end  of  the  fiscal  year.  This  district  was  foand  rich  in 
TDiDs,  mainly  of  a  type  resembling  the  olilext  ruins  in  Canyon  de  Chelly.  Son  Juan 
Valley  is  terraced,  and  tlie  river  itself  is  a  swift  mountain  stream,  and  conditions 
are  thas  favorable  for  irrigation  by  primitive  as  well  as  civilized  men.  The  detailed 
enrveys  hero  were  accordingly  extended  and  resulted  in  substantial  cootribntione  to 
tbe  arohEcoIogy  of  southwestern  United  States. 

Hr.  James  Mooney  spunt  some  niontha,  beginniiii;  with  July,  on  tbe  Kiowa  Beeer- 
vation  in  Indian  Territory,  and  enbaoqueutly  visited  tbe  Arapahoe  and  Cheyenne 
Indians  for  the  purpose  of  collecting  information  concerning  habits  and  customs  as 
well  as  beliefs  and  languages.  Ue  was  provided  with  a  graphophone,  by  means  of 
which  he  was  able  to  record  a  number  of  aboriginal  songBj  both  with  and  withoM 
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..--  ^  -^--r^r.  '  ■_'.—  '•i.i,~.  TV  -or  la^'  »(■  ."i.  -  ■•*•  -t^eat  in  orgmwiing  tk 
T  ..-■.  •■-.:!'  -a.-  -  ^-i  to-  IP-— ur-t  -.•  u  f«r-a-  V'd-a  :a  I^-Uvkn  TaUe^  fat 
-,,.  1  — -»  II  -.  L  ,..;^  -r.:  _.-»  ■r  Hti-HQE  I  iaEr-.r»  iDii  ^xaiT7  ■bops.  A  nf» 
,  -^ —  -. .  V,*  _-.  . ■-■!-<  ic  '•i*»iEn  2--i«-  -'  »_«»  kSonc  Trraioti,  yielding 
•„  _  --  -  -r-—.  .isi  '-!  -  1— :i»  —  ^-rj  -mi  lii.w-*  «>  i  )>i3>i.isllT  frond  in  the  gtaveh 
IE  T  _  1  1--  -;;—  •■  T'-a:.'*  »  i'iil"v  tu'i  "i-'-i  *■?;:»  "ii  in  i ' j  r  limiinl  as psl«olitlu. 
-;  — -  ■-:,-;.■-  .--•-.  i  luuH-c  «■  ji.-iT-at«  iiea^^rfs  ta  Ohio,  giving  especiil 
jj-,. ;  .  1  1.  ^r  i-i  -  -*  ^  ?-■■»  ■■nn.-r«i''»T,  31  «■  uTofiBtlT  in  vbich  an  utifidall]' 

:-i    •-'.—«  1-  -^-—i  k!   -  ■■■<  ji  P  .&.miw  lr^>s.  Bt^  r->iat  of  Bocka,  fltMided  by 

■«  ri.-!'  n-  ~i-»  *  '-i.Ti.  n  ir  ■«.  ic  ^-oit-'ifrtiiie  ;3»en»t  ia  that  here  nnmistak- 
1    -   ■z-xj-*.-    n  •><•  i»:-i->  i  <  'JM  'i^^  -lu  'J*^  'iJatLi  of  itao*  w«Te  n««d  asaovib 

'     -i-  F'   — .t,—  1^  '..-v-^;  ;•*  IT  j;.  .n.:o-  '-T  Mj.  William  Dinwiddie,  of  »■ 
_  ^^_^   .-«i--*    !  •  t —   If  j:  '  .—'-•tf:~  Tfc.      T-i  qamr  •»  foond  ospeeiall; 

,^ -f  -^  •  -  •vba-Q.  ■:'.:•  .kT^  >-  :*.  :^«  frvatsisWr  of  parti j  completed  atennib 

j' .  -^  -w  -^  z.  ;ot  ■■-!■:  ;x  *ii  -=  '"^  =r^^-  -oc-s^  lamp  b^ap,  and  in  the  exc«II«DCC 

I-  A--.;  K:  H  s-"*^  »'*'  ii-.'ii.'J  'J"  Mr,  lle*rt«,  repaired  to  an  intermting  site 
n*-%t  l*»  =  -i-i  of  i  *»^r«nk-  &«  *«■  ft>.=  Larav,  Ta,,  for  tbe  pnrpo«e  of  coUect- 

.-  ai"-'  1  ■'  a". '!»'»  rr'.i:,:^;  '.o  a  toip»-r!hy  •rrit^  of  stone  art  prodoctB,  to  which 
aiieMioc  »»•  ra"."."!  d-;r.:.c  t.'.*  prwwLi;  £!>■  al  rear  by  Mr.  Gerard  Fowke. 

^  coiutideraUe  a.W.'.ioiia'  e-Ile-S-oi  »as  n;jiie  and  an  aboriginal  oemetery  «u 
di'  ■'•veTT'l  in  ami  ■i.l-ori!,;  field.  «^d  fmra  it  a  typical  collection  of  inortiiarj  pot- 
terv  WM  lakeD.  The  ftl-ne  art  pn-I-.il*  in  tbis  locality  are  of  exceptional  iutercot, 
an  Ibe  "  tar'l'-liact''  f<imi«  are  ree-M  from  the  mannfactnre  of  celts.  The  rej«da 
hitherto  itDdied  bv  Mr.  Holmes  represent,  eicliuiively  or  predominantly,  narro*- 
poii.ted  in-tnimeBt«  B.i^h  M  B|^r  points  or  arrow  head«,  while  thoee  found  at  the 
iiioiith  of  Paw  Crei^k  repreeent  predominantly  the  mannfactore  of  broad  and  thin 
pointed  object".  A  sufficiently  .omplete  tmries  of  rejects  and  nearly  completed 
forms  to  Illustrate  all  stagiiS  in  manufacturing  was  brought  together. 

Mr  McGc«  extended  the  observations  from  this  locality  op  Pass  Creek  with  Utt 
purpose  of  discovering  tUe  original  sonrce  of  the  stream  pebbles  and  cobbles  nwd  bj 
tbe  primitive  artisans,  and  was  rewardoil  by  finding,  well  toward  the  head  watsn 
of  tbe  stream,  a  large  maas  of  Intriuive  rock,  from  which  tbe  pebblee  were  origiuOl; 
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derired.  Thia  part  of  the  titady  ftlio  proved  of  exceptional  inteiest,  ae  it  iodicatod 
the  delicacy  with  which  the  ladian  manufacturer  adJnBted  hinisetf  to  his  enviroD- 
ment;  in  situ  the  rook  is  too  mowiTe  and  nlHlurate  for  working  by  primitive  meth- 
ods; in  the  upper  reachat  of  the  stream  the  bowlders  derived  from  parent  ledgettare 
too  large  for  reduction  witlioat  tbe  use  of  metal;  below  the  confluence  of  PaM 
Creek  with  the  Hawksbill  the  pebbles  are  too  small  and  ton  scant  for  profitable 
workiDg;  while  just  abuve  the  couiluence,  at  the  site  discovered  b;  Hr.  Fowke,  the 
pebbles  are  at  the  nanie  time  of  suitable  size  and  sufllcientlj  abnudant  for  easy 
working  by  primitive  methods— in  short,  tbe  best  and,  indeed,  the  only  feasible  site 
for  tbe  aboriginal  factory  was  that  selected  for  the  pnrpoee.  Tbe  material  is  a 
peculiarly  tongh  and  strong  crvstalline  rock,  which  flakes  fairly  well  and  is  at  the 
same  time  adapted  to  battering  and  grinding. 

During  tbe  first  three  months  of  the  year  Mr.  Gerard  Fowke  was  occupied,  uniler 
Hr.  Holmes's  general  instructions  bnt  under  the  immediate  direction  of  tbe  ethnolo- 
gist in  cliaree,  in  inuking  cullectinna  from  the  little  known  bat  highly  interesting 
iolerior  shell  inoiinds  in  tlie  valli'j  of  Teiinesaee  River.  This  work  yielded  excellent 
results,  particularly  in  tbe  form  nf  material  collected  for  tbe  enrichment  of  the  National 
Museum.  The  collections  were  duly  cleaned,  prepared,  and  tabulated,  and  trans* 
ferred  to  the  Museum  by  Hr.  Henry  Walther. 

Hr.  William  Dinwiddle,  under  Mr.  Holmes's  immediate  direction,  spent  the  greater 
pnrt  of  tbe  months  of  July,  August,  and  September  in  arcbieologic  reconuoissance 
along  the  shores  and  tributaries  of  Chtvapeake  Ilay  with  the  object  of  demarking 
miireexoctly  by  art  products  tbe  territory  belonging  respeotivety  to  the  different 
peoples.  His  work  also  yielded  abundant  collectious  for  tlie  enricbnient  of  the 
Nationn)  Mueenm  for  the  benefit  of  contemporary  and  fntnre  students. 

During  p'ebniary  anil  Mnrcti,  as  already  noted,  Mr.  Dinwiddle  was  occapieil  in 
invMligating  tbe  attoriginnl  steatite  quarry  at  Clifton,  Va.  The  quarry  was 
cleared  and  its  nails  and  floors  were  fonnd  to  yiclil  nutueroas  and  charactcriHtic 
tmcea  of  primitive  workmanship;  a  rich  collection  of  broken  and  partially  Gnisbed 
utensils  was  mode ;  a  good  series  of  photographs,  showing  with  unprecedented  accu- 
racy the  details  of  tbe  quarrying  and  manofacturing  operations,  was  taken;  a  num- 
ber of  the  tools  used  in  the  work  were  found,  white  the  entire  collection  has  been 
brought  together  for  study  and  preservation  in  the  National  Museum.  Tbe  more 
graeral  results  of  the  investigation  of  this  quarry  have  been  incorporated  In 
reports  by  Mr.  Holmes,  while  a  detailed  paper  on  the  subject  is  iu  preparation  by  Hr, 
Dinwiddle. 

Tbe  results  of  the  work  by  Mr.  Cosmos  HlndelelT  in  New  Meiicu  and  Arizona  are 
of  much  imi>ortanre.  The  examination  nf  over  sixty  ruins  in  Canyon  de  Chelly  veri- 
ties the  coDclnsiou  previonsly  reached  by  the  same  invefltigntor  that  the  cliff  dwell- 
ingH  here  were  primarily  farming  outlooks,  and  that  the  home  villages  were  commonly 
located  on  wholly  indefousiI>1eHiteson  the  canyon  bottom.  It  wati  found  that  the  ruins 
are  divisible  into  several  groups,  apparently  repreneuting  a  chronologic  seiguenre.  Id 
tbe  later  roiiis  highly  suggestive  details  are  fonnil  illustrating  the  gradual  awtimila- 
tion  of  intrndnced  or  ocrnltural  ideas.  Among  other  results  there  whs  ol>tained  a 
uries  of  drawings  and  photographs  nbuwing  the  development  of  uhnnney  Htructnre 
from  the  first  crude  attempts  to  imitate  a  form  known  only  from  casual  observation 
and  description  to  a  more  fluiNhed  strui'tnre.  though  the  mutit  Hnlsbed  product  was 
far  from  perfect,  while  tbe  first  attempts  were  exceedingly  crude.  Mr.  MindeletF 
was  led  to  conclude  that  the  foreign  ideas  exemplified  in  the  chimneys  and  other 
■tmctnree  were  introduced  in  tbe  architecture  of  Canyon  de  Chelly  at  a  late  period 
of  the  occupancy  of  tbe  territory,  probably  only  a  few  decades  before  its  abandon- 
meut.  Other  details,  such  as  the  oonstructive  use  of  adobe,  were  traced  through  the 
TariousHtageeof  duvelopmeutin  thesame  way;  and  some  rains  were  fonnd  in  which 
the  old  and  the  new  ideas  find  exprcMion  side  by  side  in  snch  manner  as  to  indicate 
that  tbe  village  was  occupied  before  the  introduction  of  thu  foreign  ideas,  and  that 
the  occupancy  oontinued  outll  after  the  ideas  were  deflnitely  orystaUiiedi  i  ^ 
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One  interaatiog  gronp  or  Mries  of  ancient  rains  waa  fonnd,  wbjch  had  appuentl; 
been  orerloaked  b;  pieviooa  Tititors.  Tfaey  oocnr  in  the  npper  part  of  the  ean;aa 
•nd  ire  nenrl;  obliterated.  The  Btmi:tiu«e  were  alwa;*  located  on  sitea  deter- 
mined vholly  by  agiicnltnral  neceaaity  and  methods  vitliont  reference  tn  defenmrt 
ends.  Mr.  Uindeleff  ia  of  opinion  that  tbeee  are  the  oldest  raina  in  the  eanjra 
belonging  to  the  initial  period  of  oceapanc;,  which  extended  orer  manj  decades. 
Close  attention  was  giren  also  to  a  number  of  large  rnina  sitnated  in  the  cany  on 
bottom  wilibont  reference  to  defense,  also  overlooked  bj  previous  explorers.  Theu 
differ  Item  the  preceding  tjpe  and  are  in  some  rcRpexte  the  most  important  raioR  ot 
the  canyon.  They  apparently  represent  the  home  pueblos  occupied  coiit«mporsne- 
oaaly  with  the  cliff  dwellings,  and  bore  tbe  tame  relation  to  the  latter  that  Zoni 
bears  to  Nntria,  Peacado,  and  Ojo  Caliente,  or  tiiat  Oraibi  bean  to  Moen  KapL  The 
cliff  dwellings  were  apparently  occupied  as  a  rnle  only  dnring  the  saiDmer  moatbc, 
tbe  oecnpants  reeortiDg  to  the  pnebloe  during  the  winter.  That  the  cliff  ilweUiug* 
appear  to  represent  a  phase  rather  than  a  chronologic  epoch  in  the  history  of  the 
paeblo  bnilders. 

Although  tbe  researehee  are  not  yet  completed,  Hr.  Hindeleff  ia  of  opinion  that 
while  some  of  the  ruins  may  be  precolumbian  others  were  nndqnbtedly  occupied  in 
the  seveuteenth  century,  nndthat  the  occnpaucy  was  probably  con  ti  a  nous  as  regaidi 
tbe  district,  though  probably  not  contiuQons  aa  regards  particalar  tribes  or  aab- 
trities.  A  general  result  of  the  stndy  was  the  classification  of  the  Tanous  types  of 
rains,  iu  a  chronologic  order,  in  ancb  manner  that  the  history  of  tbe  canyon  tmiu 
the  earliest  occupancy  up  to  the  recent  advent  of  Englinb-a peaking  settlers  it 
clearly  indicated.  In  combining  the  data  acquired  in  Canyon  DeCbelly  with  those 
obtained  from  Kio  Terde  during  previous  years,  Mr,  Mindeleff  finds  reason  for  the 
conclnsion  that  the  ruiua  of  the  former  district  represent  the  first  settlements  in  the 
Ban  Jaan  country,  and  that  further  developments  nill  be  fonnd  in  the  tributary 
valleys,  and  also  that  the  large  communal  buildings  on  the  tributaries  of  the  San 
Juan,  represcntiug  tbe  highest  architectural  art  attained  by  tbe  pueblo  boildeis, 
will  prove  to  l>e  the  ultimate  form  of  the  primitive  village  of  this  district. 

During  the  year  Dr.  Cyrus  Thomas  completed  the  revision  of  proofs  of  text  and 
illostrations  of  his  report  on  mound  eiploratiouH,  and  the  work  was  pnt  tbroogh  tbe 
press  as  the  body  of  the  twelfth  annual  report.  The  document  compriMS  mnch 
informatioir  relating  to  the  Indian  mounds  of  the  Mississippi  Valley  aud  eastern 
United  State^  and  ih  seems  reasonable  to  hope  that  tbe  monograph  may  come  to  be 
regarded  as  a  standard  sonrcp  of  information  on  the  subject.  Subsequently  Dr. 
Thomas  gave  special  ntteution  to  the  hieroglyphs  and  codices  of  the  Haya— the 
ancient  inhabitants  of  Yucatan.  One  of  the  results  of  the  work  is  the  demonstration 
that  the  time  system  recorded  in  theDresden  codex  is  precisely  the  same  as  that  men- 
tioned by  the  early  Spanish  authors,  except  that  the  years  begin  with  what  arecoD- 
aidered  the  last  instead  uf  the  first  of  the  four-year  series.  It  is  also  showu  that  this 
brings  the  calendar  of  the  Dresden  codex  into  harmony  with  the  calendars  recorded 
at  Paleuqne,  Lorillard  City,  and  Tikal.  A  portion  of  the  resnitfl  of  Dr.  Thomas's 
work  on  tfais  subject  is  published  in  one  of  the  bulletins  of  the  Bnrean,  a  brochnra 
of  64  pages,  entitled  "Tbe  Maya  Year."  Other  results  are  incorporated  in  a  bulletin 
on  the  origin  and  significance  of  the  calendric  terms,  which  is  not  yet  completed. 

During  tbe  year  Mr.  Bill)omo  T.  Creeson,  of  Philadelphia,  was  occupied  in  archce- 
ologlc  researches,  chiefly  In  Guatemala  and  eastern  Mexico,  under  the  provision  of 
the  De  Laincel  fund  and  under  the  general  supervision  of  the  Director  of  the  Bnrean, 
Some  of  tbe  resultsof  his  interesting  researches  have  been  made  public  throoKb 
various  scientific  journals. 

Specially  noteworthy  among  the  results  of  tbe  archmologic  work  in  the  Bureau 
during  the  canent  year  are  the  monographs  by  Mr.  Ifolmea  on  ancient  pottery  of 
eastern  United  States  and  atone  art  of  eoHtem  United  States.  Both  embrace  tbi 
reaulteof  researches  extending  over  many  yeara;  both  are  elaborately  Ulnstrated 
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from  materisl  preMrred  in  the  National  HnBemn;  both  represent  the  mBtnreooncla- 
■iouB  of  ftn  able  aod  careftill;  trained  arclisologist.  Tbe  cls»aiftcatioD  bdiI  interpre- 
tation adopted  by  Mr.  Holme*  are  primaril;  indigeikoaa,  though  hia  comparatlTe 
■tndieahave  extended  over  the  archnologloliteratareof  the  world,  and  it  is  believed 
that  his  conelnBiona  will  form  a  firm  basis  for  those  branches  of  archeology  to  which 
Ilia  work  relates.  To  him  scienoe  Is  Indebted  for  a  contUtent  method  of  interpret- 
ing primitive  art  prodncta  through  study  of  the  arts  of  primitive  peoples  cognate 
lo  those  whose  relics  have  come  down  to  ns  i^om  prehistoric  times. .  It  was  with 
Kfeat  regret  that  the  Director  accepted  his  resignation  from  the  Bureau  toward  the 
end  of  the  fiscal  year,  in  order  that  he  might  transfer  his  labon  to  tbe  Field  Colum- 
bian Uuseum. 

DESCRIPTIVK   E 


An  important  line  of  work  in  the  Bnreau  for  some  years  past  baa  been  the  collec- 
tion and  systematic  arrangement  of  tribal  names  and  obaraoteriatica,  with  brief 
deecription  of  tbe  habits,  eu8t«nu,  arts,  belief^,  and  tnstitntlona  of  the  aborigines. 
The  information  thns  collected  has  been  recorded  on  cards  under  the  head  of  Tribal 
Synonymy. 

Ihiring  tbe  laat  year  Mr.  F.  W,  Hodge  devoted  several  months  to  tbe  deecriptive 
ethnology  of  several  southweeteru  families,  tbe  Piman,  Tanoao,  Kereaan,  and  Zunian 
stocks  receiving  chief  attention.  Advantage  was  taken  of  the  presence  in  Wash- 
ington of  Hr.  Carl  Lumbolti,  who  has  spent  several  seasons  among  the  tribes  of 
Chihnahna,  to  obtain  valuable  information  relating  to  the  Tarabnoiar,  Tepehnan, 
and  Tubar  Indiana  for  nse  in  the  syuongmy  of  tbe  Piman  stock.  Mr.  Hodge's  lit- 
erary research  daring  tbe  year  has  enabled  him  satisfactorily  to  identify  tbe 
obscurely  recorded  Jumono  of  the  early  Spanish  explorers  with  the  Comanche  of 
more  recent  date.  In  connection  with  the  c«ndenaed  descriptions  contained  in  the 
BjBtematic  work,  Mr.  Hodge  has  made  ptogreea  in  the  preparation  of  a  bibliography 
of  the  Pneblo  Indians,  ilenigned  to  serve  as  a  basis  for  farther  research  concerning 
this  interesting  portion  of  onr  aboriginal  population. 

Mr.  J.  Owen  Doreey  made  a  unmber  of  important  additions  to  the  portion  of  the 
tribal  synonymy  relating  to  the  Sionan  tribes,  and  Mr.  James  Hooney  devoted  some 
time  to  classifying  and  extending  the  material  already  obtained  relating  to  the 
Cherokee  Indiana.    Mr.  Albert  S.  Gatschet  also  made  contributions  t«  this  work. 

Although  the  collection  of  material  for  the  general  descriptive  ethnology  of  the 
tribal  synonymy  of  the  American  Indians  was  commenced  some  years  since,  and 
although  a  large  body  of  information  has  been  collected  and  arranged  on  cants  for 
office  nse,  publication  bos  not  yet  been  undertaken,  partly  by  reason  of  the  great 
volume  of  the  material,  partly  becanse  the  work  is  of  such  chaiaet«r  as  not  soon  to  be 
completed,  sinee  each  new  investigation  yields  additional  information;  but  within 
tbe  past  five  years  the  records  have  been  found  so  useful,  and  tbe  demand  foe 
information  contained  therein  so  extensive,  that  a  plan  for  publication  has  been 
furmulated. 

In  accordance  with  this  plan  the  material  will  be  arranged  by  lingnietic  stocks  and 
published  in  bulletin  form  in  the  order  of  completion,  each  bulletin  comprising  a 
slock.  In  addition  to  tbe  usual  pagination  the  bulletins  devoted  to  tbe  subject  will 
be  consecntively  paged  (at  bottom)  for  the  series,  and  it  is  proposed  to  complete  the 
series  by  a  bulletin  so  arranged  as  to  form  at  tbe  same  time  an  index  to  the  whole 
and  an  abbreviated  dictionary  of  the  tribal  and  other  names  used  by  the  American 
Indians.  In  accordance  with  this  plan  tbe  materials  pertaining  to  a  number  of  the 
stocka  have  been  made  ready  for  the  press,  with  tbe  exception  of  brief  introductions 
which  remain  to  be  written. 

During  the  first  half  of  tbe  fiscal  year  Dr.  W.  J.  HoflTmau  continued  the  inveati- 

gation  of  tbe  Menomonl  and  related  Indians  in  field  and  office  and  prepared  an 

elaborate  memoir,  entitled  "Tbe  Menomoni  Indiana,"  which  has  been  submitted  for 

pnblioation  in  tbe  fourteenth  annual  report.    This  tribe,  located  iu  northeastom 
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WiaoonsiD,  has  long  been  known  in  n  genentl  wa<r,  but  liae  received  little  Bcientifie 
study.  Dr.  Hofnmn'B  memoir  embracaa  a,  history  of  the  tribe  from  their  discorety 
by  Nicollet  iu  1634  to  the  present  day,  including  the  several  treaties  Diade  with  the 
Federal  Oovernmeikt;  It  iacladea  also  the  genealogies  of  the  two  rival  lines  of  hered- 
itary chiefs,  together  witb  au  exposition  of  the  ceremonials  of  the  several  calt  BO<'i- 
eties.  and  of  the  mythology,  industries,  arts,  and  mannfaottires  of  the  tribe. 


From  time  to  time  during  the  year  the  Director  fonud  opportunity  for  collecting 
additional  inronuiition  relatiug  to  tbo  iiistitutioas  of  the  American  Indians  and  for 
the  elahoTatioQ  of  material  collected  duriug  previous  years.  Mr.  M cQee  also  made 
progress  in  the  arrangement  of  material  pertainiug  to  this  snbjeot  gathered  by 
various  cotlftborittore.  Mr.  James  Moouey  spent  several  months  in  the  field  collect- 
ing information  relating  to  the  Kiona,  Caddo,  Arapahoe,  and  Cheyenne  Indiana,  of 
which  a  large  part  is  sociulogic.  lu  additiou  lie  prepared  during  the  year  a  memoir 
ontbeSiouon  Tribes  of  the  East,  which  has  been  sent  to  press  as  one  of  the  eerieaof 
bulktiua  of  the  Bnreaa.  In  this  paper  the  relations  and  movements  of  the  tribe* 
recorded  by  early  exDlorers  and  aettlers  of  eastern  United  Btatea  are  analyntd  and, 
after  comparative  study  for  the  purpose  of  combining  the  various  conaistant  records 
and  eliminating  tbe  uncertainties  due  to  vaguegcograpbicandethnographio  records, 
grouped  as  a  consistent  body  of  information  relating  to  the  aboriginal  land-holders 
of  cisappalacbian  United  Stales.  The  memoir  represeuts  much  patient  raearch 
among  early  maps  and  throughout  the  earliest  literature  of  tbe  United  States.  It 
is  enriched  by  synonymy  of  ihu  vurioua  tribes  of  the  district,  and  incidentally  con- 
siderable information  relating  to  the  organization  and  social  imatitntions  of  these 
tribes  is  incorporated. 

PICTOQRAPHY   AND   810N   UU<ODAOB. 

The  earlier  part  of  the  year  was  spent  by  Col.  Garrick  Hollery  in  revising  tbe 
procifs  of  bis  monograph  on  Picture  Writing  of  tiie  Americiin  Indians,  which  has 
since  been  published  in  tbe  tenth  aimual  re]>ort  of  the  Bureau.  Some  years  were 
devoted  by  Colonel  Ualtery  to  the  cotlevtiuii  of  information  on  this  subject  and  the 
snbject  of  sign  language  snd  gesturu  spevch  among  the  aborigines,  and  thia  mono- 
graph represeiils  tbcproduct  of  labors  in  the  iuterestinglineof  riMearcbto  wbichit 
appertains.  By  reason  of  the  invasion  of  white  men,  many  of  the  primitive  costoma 
of  tbe  IniliauB  have  been  modified  auil  some  have  been  lost;  and  in  few  directions 
is  tbe  miiiliflcation  more  compkte  than  in  that  of  inscribing  reoords  on  rocks  and 
other  flurfaocH;  and  it  has  been  the  purpose  to  render  this  work  aa  complete  an  expo- 
sitiou  of  the  i^ude  graphic  art  of  the  Aniericun  Indian  as  it  is  possible  to  make  at 
this  tiuie.  It  is  beliuved  that  tbe  ^vork  will  be  found  practically  exhaustive  and  a 
atandanl  nonrre  of  information.  During  the  remainiug  portion  of  the  year  Colonel 
Mallsry  bat>  lieeti  engaged  in  tbe  prepanitioa  of  a  companion  monograph  on  thesigo- 
languago  of  tlio  Amerir.iu  ItidianH.  The  mate-rial  for  this  work  is  even  more  evanes- 
cetit  tliau  that  drawn  on  in  the  preparation  of  the  preceding  work ;  but  the  anthor's 
studies  have  extendeil  over  many  ytiars  aod  a  large  part  of  weateni  America,  and  he 
has  been  favored  by  rich  contributions  froiu  correspondents  of  the  office.  Tbe  work 
is  fully  illustrated,  aa  ia  necessary,  since  it  is  ouly  by  graphic  presentation  that 
definite  ideas  concerning  the  multiform  gestures  and  motions  used  in  primitive  inter- 
change of  thought  can  be  clearly  expressed.  Tbe  monograph  is  approaching  com- 
pletion 

The  languagoH  of  the  American  Indians  have  received  a  large  share  of  the  atten* 
tion  of  tbe  Bureau  ever  since  its  institiitiou.  It  has  been  tbe  policy  to  collect  teita 
anil  vocabularies  and  material  for  grammars  as  rapidly  and  extensivvly  aa  pOMiUe 
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before  tlie  dlsAppearuice  of  the  primitive  longuagea.  Only  s  smalt  part  of  tlie 
malarial  so  collect«d  baa  be«D  published ;  bnt  tbe  vanltn  of  the  Burenn  kk  rich  in 
data  pertaining  to  the  lungo^ges  of  man;  tribes  repreHeotiog  most  of  the  lioKoistia 
itocka  of  tlie  American  Iniliana.  Perhaps  on  no  other  ciintinetlt  haa  the  lingitiitio 
diveniflcation  of  primitive  peoples  been  wider  than  in  northern  America,  and  the 
dialectic  variations  are  hardly  teas  striking.  The  aboriginal  langunges  of  this  I'uii- 
tinent  accordingly  give  an  admirable  opportunity  for  the  study  of  the  facts  Hn<l 
cansaa  of  lingniatic  development;  and  from  the  beginning  it  was  itoemeil  impnrtnDt 
to  culliict  the  largest  possible  body  of  material  for  exam  mat  ion  auil  digcustion  in  its 
bearing  on  the  general  subject.  Carrying  out  tbe  gennral  policy,  only  subordinate 
attention  has  been  given  to  publication,  and  publication  has  been  made  only  in 
eas«fl  in  which  the  material  seemed  especially  typical  or  exceptionally  complete. 
Tbns,  while  the  amount  of  linguistic  material  publisheil  is  not  voluminons,  the 
manuscripts  constantly  accessible  for  purposes  of  study  are  abnnilant — richer,  it  is 
believed,  than  any  other  body  of  linguistic  records  of  a  primitive  people. 

Mr.  A.  S.  G)ttiK.'het  devoted  tbe  entire  year  to  linguistic  work.  Early  in  the  year 
he  was  employed  in  translating  texts  and  in  extracting  lex ic  and  gramuiatio  ele- 
ments of  the  Peoria  and  Shawano  languages,  rei-ordedby  him  during  the  preceding 
two  years.  This  work  gave  abundant  oppurtutiitita  for  comparing  the  two  tongues 
with  the  forty  or  fifty  other  dialects  of  the  Algonijuian  stock,  and  the  inti^resting 
results  of  tbe  comparison  were  embodie<l  in  a  comparative  vocabulary  of  tbo  Alg<in- 
qnian  languages.  By  this  comparison  tbe  intimate  relations  between  the  <liBlects  is 
strikingly  shown  and  at  the  same  time  the  multiplicity  of  forms  into  which  the 
original  tongues  has  been  diversiHed  has  been  brongUt  out.  Morphologically  the 
Algonqnian  tongue  is  built  on  a  purely  nominal  basis,  yet  in  the  various  dialects  u 
wide  variety  of  ideas  are  expressed  with  surprising  perfection.  Id  all  the  Algim- 
qui.iD  dialectA  Terbal  roots  combine  with  other  verbal  roots  in  a  single  word  giving 
a  peculiar  and  forcible  expression  to  the  verbal  form.  The  compounding  of  words  Is 
further  extended  by  numerous  adjectival  suffixes  descriptive  of  i]iinlity,  these  suHixea 
indicating  whether  the  noun  qnalifled  by  such  an  uljectivi)  ia  an  utiimate  or  inani- 
mat«  snbjtict,  ftnd  showing  whether  complexion,  sizu,  age,  or  other  qnalities  are  to 
be  determined.  This  metbnd  of  adjectival  suffixes  extends  alxo  to  the  numerals,  and 
in  some  dialects  there  are  special  suffixes  to  qualify  numeral  I'snliuals  as  detcruiiu- 
ing  animate  or  inanimate  objects  in  the  plural.  Hr.  Gatschet's  recent  studies  have 
brought  out  the  fact  that  the  Algonqnian  languages  of  the  western  group  (Arnpnhoe, 
Chi'yenne,  and  Siksiha)  differ  considerably  in  tlietr  phonotii's  from  the  eastern  dia- 
lects, theee  differences  Iwing  especially  shown  in  the  nasalization  found  among  the 
wMtern  representatives  of  the  stock. 

Ur.  J.  Owen  Dursey  spent  the  earlier  part  of  the  year  in  office  work  on  the  Blloxi 
Isngnage,  completing  its  systematic  arraugcment  fur  prescrvatiuu  and  reference. 
He  also  revised  Ihc  proofs  of  Contributions  lo  North  American  Kthnulogy,  Volume  IX 
(Biggs's  "  Dakota  Grammar,  Textn,  ami  Ethnography"),  as  well  as  his  own  memoir, 
entiUed  "A  Study  of  Siouan  Cults,"  in  the  eleventh  annual  report  of  the  Bureau. 
Both  of  these  docnraents  have  now  been  publiebi'd.  The  month  of  January  was 
■pent  on  the  Kwapa  Reservation  in  Indian  Territory  in  ipveatigatingtliu  social  organ- 
iintiun  of  the  tribes  and  recording  their  myths  and  ttaditiuns  in  the  form  of  ti-xts. 
After  his  return  from  the  Held  these  texts  were  trnnslated  literally,  but  the  propars- 
tioD  of  explanatory  notes  and  tree  traoHlations  was  doferri'd.  Some  time  was  spi'Dt 
in  the  elaboration  of  a  list  of  tbe  characters  rciinircd  for  recording  tbe  various  sounds 
in  the  Siouan,  Athapascan,  and  other  linguistic  families;  iu  tbis  work  he  had  lorn 
time  the  assistance  of  a  skilled  oriental  linguist.  Dr.  J.  J.  Noiiri,  fi'om  whom  he 
obtained  for  comparative  purposes  many  of  the  peculiar  soiiuds  of  the  Semitio  and 
other  Eastern  languages.  Some  time  was  spent  also  iu  the  examination  of  supposed 
lingnistjc  affinities  between  the  Maya  and  Malay  languages,  and  during  the  year  ho 
recorded  in  Bnal  form  eight  Winnebago  tests,  dictated  by  Philip  Longtail,     Subm- 
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quently  literal  Imulftlions  of  tbe«e  Mxta  were  made,  «adtb«  prepat&tionof  eipUn*- 
tory  notes  and  free  Englista  tranklationB  was  began  sod  the  lexio  eltiments  were 
extracted. 

Ur.  J.  N.  B.  Hewitt  wu  occapied  during  the  earlier  [Utrt  of  the  f«u  in  rcMftrohes 
ooDcemmg  the  socUl  relatlvna  lecoided  in  the  Iroquoiii  liuigaage  and  the  literatim 
relating  to  the  people.  In  the  counte  of  this  work  it  was  shown  that  the  Independ- 
enoe  of  the  trihe  in  local  affairs  was  little  if  at  All  onrtailed  by  the  confederation  of 
the  FiTO  Nations,  certain  gentle  being  privileged  &om  the  beginning  of  the  histori- 
cal leagnea  (for  there  wet*  andouhtedly  several)  to  nontinate  lord-chieft  and  Tic«- 
chiefo  to  the  league  conncils.  Sabaeqnently  Mr.  Hewitt  made  examination  of  the 
data  for  the  classification  of  the  Waiilatpuan  and  Shahuptisn  groups  of  langnages. 
Despite  the  paacity  of  the  linguistic  material,  he  fonnd  that  the  gronps  display 
peculiarities  apparently  due  rather  to  divergent  growth  than  to  original  divDiaity, 
this  being  eiceptioDall;  true  of  the  position  of  the  attributing  or  predicating  word 
in  the  word -sen  teooes  or  compouud  stems.  In  the  lexioou  the  Shahaptian  dialects 
show  specific  anperhcial  did'erences  ftom  the  Waiilatpuan  group,  but  nevertheleaa  a 
large  and  important  number  of  stems  pertaining  to  the  former,  which  have  the  aame 
or  cognate  significance,  accord  substantially  in  sound  or  form  with  teems  iii  the  lat- 
ter; there  are,  moreover,  in  many  of  the  dialects  striking  proofs  of  the  cfieets  of  dis- 
cordant liDgaistic  growth.  The  general  reanlt  of.  the  study  was  to  prove  that  the 
two  groups  of  languages  have  had  a  common  history  in  part;  and  this  conclusion 
has  been  provisionally  accepted  in  the  classification  of  lingnistic  material  in  the 
Bureau  vaults.  Other  important  studies  relating  to  the  sMnities  of  the  aboriginal 
laognagea  of  northwestern  America  were  suocussl'uUy  carried  forward.  Mr.  Hewitt 
also  aided  in  the  linguistic  ooroparison  of  the  Maya  and  Malayan  terms  collected  by 
Dr.  Thomas.  Some  time  was  given  also  to  the  arrangement  and  translilecadon  of 
the  Tnbar  material  collected  by  Dr.  Carl  Lumholtz  in  Mexico,  with  a  view  to  publi- 
cation. This  collection,  although  not  large,  is  of  a  special  interest,  since  it  was 
obtained  f^om  the  last  three  surviving  representatives  uf  the  tribe  who  alone  snrvive. 
During  the  last  months  of  the  year  Mr.  Hewitt  made  a  friiitfal  study  of  the  so-eaUad 
irregular  or  anomalous  verb  in  the  Tuskarora  or  Mohawk  dialects. 

In  connection  with  memoirs  on  the  Menomoni  Indians,  already  noted.  Dr.  Hoff- 
man compiled  a  considerable  vocabulary  representing  the  language  of  this  tribe. 

Id  addition  to  the  Tnbar  material  in  part  transliterated  by  Mr.  Hewitt,  Dr.  Carl 
Lamholtz  turned  over  to  the  Bureau  the  vocabularies  collected  &om  the  Tarahnmar 
andTepchuan  tribes  occupying  the  mountainous  portions  of  the  state  of  Cbihnahoa, 
in  the  Republic  of  Mexico.  Several  other  valuable  contributions  %o  the  lingnistio 
material  of  the  Rureau  were  made  during  the  year.  Among  these  may  be  mentioned 
a  mauTiscript  of  more  than  a  thousand  pages  representing  the  vocabulary  and  gram- 
mar of  the  Nkz  Perce  Indians  of  Idabo,  collect«d  by  the  late  Miss  S.  L.  MoBeth  and 
kindly  transmitted  to  the  Bureau  l>y  her  sister.  Miss  Kate  C.  McBeth. 


The  myths  and  cognate  beliefs  of  the  American  aborigines  are  uf  exceptional  inter- 
est, since  they  exemplify  u  many  coses  the  influence  of  environment  on  the  minds 
of  the  devotees,  and  in  some  cases,  moreover,  the  myths  indicate  the  migrations  of 
the  peoples  among  whom  they  are  fonnd.  Accordingly,  the  studies  by  Ui«.  Steven- 
sou  and  Mr.  Cushing  of  the  mythology  of  the  Pueblo  tribes,  partictdarly  that  of  the 
Znni,  arc  of  utmost  importance  in  American  anthropology. 

Having  completed  his  work  in  arranging  the  exhibits  of  the  Bureau  of  American 
Ktbnology  at  the  World's  Fair,  Mr.  Frank  Hamilton  Cuahing  returned  to  Washing- 
ton and  resumed  researches  in  mythology  about  the  middle  of  September.  Almost 
continuously  since  that  time  he  has,  in  conjuootion  with  Mr.  Stewart  Culin,  of  the 
University  of  Pennsylvania,  whose  attention  has  long  been  devoted  to  the  games  of 
the  Orient,  carried  forward  a  study  of  the  origin  of  aboriginal  gaauSt  based  on  his 
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intimate  oaqnaintanoe  with  the  ftames  of  the  Zani  Aod  a  ItDuwIedge  gftiaed  by  his 
investigations  at  the  World's  Fail. 

A  stad;  of  these  primitive  Ktunes  reveals  the  foot  lh*t  the;  were  not  played  for 
amaaeiDeiit,  aa  amooft  civilized  people,  bat  chiefly  for  divmation,  which  wiw  prao- 
tiosd  in  connection  with  iDdastries  and  onterpriKee  of  all  sorts;  so  that  divinatory 
games  occupied  a  promineat  place  in  the  thoagbta  and  exercis«<d  an  important 
inflneDce  on  the  daily  life  of  these  people.  It  was  also  foond  that  in  the  Orient  the 
games  were  actnally  played  with  arrows  and  were  still  recognized  as  arrow  games 
by  the  players  themselve*  as  lat«  as  the  eleventh  or  twelfth  centnries  B.C.,  thns 
giving  historic  evidenc«  of  the  arrow  origin  of  lot  and  dice  games  in  the  Orleui,  and 
oon&nniug,  in  Hr.  Calin'B  eetimation,  Hr.  Ciishing'e  hypotbesls  as  to  the  identical 
origin  oFsncb  games  in  America.  Theseresearcheshavealsobronght  to  light  many 
signiBcant  Acta  bearing  on  the  nsAg««,  beliefs,  and  ethnic  relations  of  early  peoples, 
and  the  material  resnlt  of  the  investigation  is  an  elaborate  paper  on  "Arrrow  games 
and  their  variants  in  America  and  the  Orient,"  ander  the  Joint  authorship  of  Messrs. 
Cnsbing  and  Cnlin,  now  well  advanced  in  preparation.  Mr.  Cnshing  was  greatly 
aided  in  this  work  by  Mr.  Louis  C.  Moetetnma,  an  educated  young  Mexican,  ttom 
wltom  he  obtained  much  information  regarding  the  Indian  games  of  bis  country. 

Hr.Cushiag  has  not  allowed  hie  researches  reliiting  to  divloatory  gamea  com- 
pletely t«  intermpt  his  mure  general stndiee  relatingto  Zani  mythology,  and  daring 
Uie  year  has  given  special  attention  to  the  origin  and  primitive  use  of  tire.  Fire 
myths  are  nearly  aniveraal  and  fire  worship  common  among  primitive  peoples;  and 
it  is  the  posaeesion  of  fire  making  which  perhaps  more  than  any  otlier  characteristic 
disUngnishe«  mankind  from  the  lower  animals.  The  conqneet  of  Gre  has  not  yet 
been  clearly  traced,  bat  Hr.  Codhing's  reeaarchee  are  contribating  materi^y  to 
knowledge  of  the  sabject. 

The  manuscript  of  Mr.  Cnshlng's  paper  bearing  the  title  "Oatlines  of  Znni 
creation  myths"  was  brought  to  completion  and  at  the  close  of  the  year  was  par- 
tially in  type  as  one  of  the  accompanying  papers  of  the  Thirteenth  Annual  Report. 

Mrs.  Matilda  Coxe  Stevenson,  although  partially  disabled  by  overwork  and 
exposure  daring  her  last  field  season  among  the  8ia  Indians  of  New  Mexico,  began 
in  July  the  revision  of  the  proofs  of  her  article  on  that  tribe  whii^b  covered  pages 
3-157  of  the  eleventh  minnal  report.  On  the  completion  of  the  proof  reading,  early 
in  September,  Mrs.  Stevenson  continued  the  preparation  of  a  report  on  certain  myths 
and  ceremonials  of  the  Zani  tribe,  among  whom  she  has  spent  a  nnnjber  of  seasons. 
Notwithstanding  her  ill  health  she  sncceeded  in  completing  the  preparation  of  most 
of  the  lUostrative  material  of  the  monograph  and  well  odvanned  the  final  n 
of  the  text. 


The  Director  has  foond  opportnnitj  for  continiting  hiH  investigations  in  primitive 
modes  of  thought,  carried  on  daring  previous  years.  The  reauU  of  these  studies 
was  imparted  to  the  members  of  the  Bureau  in  a  series  of  infonual  lectures  for  the 
purpose  of  establishing  a  firmer  and  moredefinite  husisfor  their  researahes  in  Indian 
mythology  and  sociology. 


The  work  on  the  bibliography  of  native  American  languages  was  c 
Mr.  James  C.  Pilling.  As  in  previous  years  much  time  was  consameil  in  procuring 
new  material  for  the  main  catalogue,  from  which  are  prepared  the  bibliographies  of 
the  various  lingnistio  stocks.  This  work  neci-ssitatee  a  careful  review  of  all  the 
oatal<q^e  material  reUting  to  Americana  generally — those  of  auction  aatett,  of  book- 
sellers'catalogooS)  of  the  reviews,  etc.,— and  these  furnish  brief  titles,  which  are 
nsed  aa  memoranda  for  further  research.  In  this  manner  several  hnndred  new 
titles  have  been  added  to  the  main  oatalogne  daring  tbe  year.  For  bis  painstaking 
and  untiring  patienoe  in  this  tedious  task  Mr.  Pilling  is  receiving  high  praise.    The 
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piesareviewsof  tko stock  liibliographiea  already  iuued  indicate  tbe  regard  in  which 
tliey  aru  held,  for  their  inciim parable  compIetuneaH,  by  atndenttt  In  all  part*  of  the 

Duriug  thn  last  year  there  wad  issued  a  Bibliografia  EHpaDola  de  Lenguas  indfgeiia 
de  America,  by  tbe  Comte  de  Vifiaza,  bearlDg  the  imprint  Madrid,  1892.  AlUioagh 
issued  yearn  after  the  appearance  of  Mr.  PilliDK's  "proof  sheets,"  and  although  the 
corapileToftheBihliografLahadnDDsiial  facilities,  among  tbem  access  1« the  archives 
of  Spain— au  advanta$co  enjoyed  by  few  if  any  foreigners,— but  seventy-five  titles  not 
already  con  taiiiediu  Mr.  Pilliuf^'sratalogne  were  found  in  the  Comte  deVinaza's  work. 

The  luontli  of  Aii(!»3t  was  taken  up  by  Mr,  Pilling  with  an  examinatioD  of  tbe 
plate  proofs  of  the  bibliogrupliy  of  tbe  SaliHban  language,  then  ready  for  press,  bat 
littlii  correction  worthy  of  notice  was  necessary.  The  bulletin,  which  compriaea 
86  pages  and  4  facsimiles,  was  delivered  by  the  Pnblic  Printer  iu  the  middle  of 
November. 

During  November  work  was  renewed  on  the  Wakasban  bibliography.  A  trip 
ex  tending  over  a  few  days  was  made  to  Lenox  and  Astor  libraries.  New  York  City, 
some  new  material  being  obtained  and  defective  titles  corrected.  The  work  was 
forwardeil  to  the  Public  Printer  in  .January,  and  by  tbo  close  of  March  tbe  proof 
reading  was  fininbcd.  This  bibliography,  which  was  ready  for  distribution  early  in 
May,  comprises  TO  pages  and  2  facsimiles.  Dnringthe  proof  reading  of  the  Waka- 
sban I>i1iliogrophy  tbe  preparation  of  the  bibliograpby  of  tbe  Shahaptian  langaagea 
wiw  begun,  and  at  tbe  close  of  the  fiscal  year  was  in  an  advanced  stage  of  prt^reea. 

PUBLICATION. 

Iloring  no  similar  period  of  the  Bureau's  history  have  so  many  page«  of  ethno- 
logic material  been  put  in  ty|>e.  Since  tbe  clone  of  the  last  fiscal  year  ( 1892~93)  most 
•it'  the  proof  reailiog  of  tbo  Tenth  Annual  Keport  was  completed.  The  volnme  was 
received  from  tbe  printer  in  Jnno,  1894.  The  monograph  accompanying  this  report, 
"Picture  Writing  of  tho  American  Indiana,"  by  Garrick  Mallery,  covers  807  pages 
and  is  illustrated  by  54  plates  and  1,290  dgutes.  On  Jnty  27,  1893,  the  Eleventh 
Annu]i1  Iteport  wiui  sent  to  tbe  Public  Printer,  and  before  tbe  close  of  October  all  the 
jiroofii  bad  bi>eu  read.  Proof  reading  of  thoTwelfth  Annual  Report  was  fn  progtoaa 
at  tbe  close  of  the  year  1802-93,  and  continued  until  April,  1891.  This  report,  which, 
in  ailditlon  to  tbe  Ddministrntive  report  of  the  Director,  oontains  a  paper  by  Mr. 
Cyrus  Thomas,  entitled  "  Keport  on  the  mound  exploration  of  the  Bureau  of  Eth- 
nology.'' was  in  tbe  bindery  at  tbe  close  of  tbe  year.  In  February,  1S94,  the  mann- 
script  of  tbe  TbirteenUi  Annnul  Keport  was  sent  to  tbe  Public  Printer,  and  la  June 
the  llrsL  proofs  were  received.  With  the  close  of  tbe  fiscal  year  all  tbe  illustratione 
for  tbiH  annual  bad  been  engraved,  and  proofreading  was  well  advanced. 

At  tbe  close  of  tbe  year  1892-93  the  proof  reading  of  the  "Bibliography  of  the 
Kali'lian  i.auguageN."  by  James  Coustautiue  Pilling,  was  almost  completed.  This 
bulbitin  wiui  di'livored  liy  Mio  printer  in  November,  1893.  The  Bibliography  of  the 
Wakiwban  l.augungi's,  by  tbe  same  author,  was  sent  to  tbe  printer  in  December, 
1K93;  tbu  llml  ]iriiofs  were  received  in  January,  1894 ;  the  proof  reading  was  finished 
in  April,  nud  tbe  edition  was  delivered  a  month  later. 

Karly  in  .lanuary  of  tbe  present  year  tbe  mannscript  of  a  bnlletin  by  Mr.  John 
Garland  Pollanl.  on  tb>-  Paiuunkey  Indiiius  of  Virginia,  was  sent  to  the  Public 
Printer,  and  by  KtTbruary  <i  tbe  flnal  proofe  bad  been  revised.  This  bulletin  was 
delivered  in  April,  1891. 

At  the  close  of  tbe  lost  fiscal  year  proof  readlug  of  Riggs'  "Dakota  Grammar, 
Texts,  and  Ethnography. "  which  forms  Contribntious  to  North  American  Ethnology, 
Volume  IX,  had  been  iu  progress  about  a  month,  and  by  the  end  of  July  the  volume 
was  in  jntge  form. 

The  first  proof  of  a  bulletin  entitled  "The  Maya  Year,"  by  Dr.  Cyras  Thomas,  was 
received  early  in  Febrtiury,  1894,  tbe  ninunscript  having  been  transmitted  January 
19.    This  brochure  passed  through  tbe  press  and  was  delivered  in  May. 
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la  Janaary,  I89i,  there  waa  sIm  sent  to  the  Public  Priater  the  maaiiscript  of  the 
first  of  ft  proposed  Mrioa  ofbaUetiDH.  entitled  "Chinook  Teita,"  by  Dr.  Fraiiz  Boas. 
The  first  proofa  were  received  in  March,  and  by  July  1  17S  pages  and  n  number  of 
g«Ueye  were  in  type. 

Another  bulletin,  "An  Ancient  Qnarry  in  Indian  Territory,*'  by  William  H.  Holmes, 
w«*  sent  to  the  Pablic  Printer  on  February  17,  aud  by  the  close  of  June  the  paper 
was  in  type. 

The  following  pablications  were  receired  from  press  during  tlie  fiscal  year: 

Ninth  AoDnal  Report,  for  1887-88,  containing,  in  addition  to  the  Director's  report 
of46  pages,  the  following  papers:  (1)  "  Ethnological  reanlts  of  the  Point  Burroweipe- 
dition,"  by  John  Murdoch.  PagesS  to  441,  PU.  l-H,  figa.  1-428.  (2)  "The medicine 
men  of  the  Apaches,"  by  John  U.  Boarke.  Pages  443  to  603,  PU.  III-VIII,  figs. 
429-448. 

Tenth  Annual  Report,  for  1688-89,  containing,  in  addition  to  the  Director's  report 
of  30  pogea,  the  following :  "  Picture  writing  of  the  American  iDdians,"  by  Uarriek 
Mallery.     Pages3  toSfn,  Pla.  I-LIV,  figs.  1-1390. 

Bibliography  of  the  Saliahan  Langnagea,  by  James  Constautlne  Pilling,  Xiii,  86 
pages  (inclnding  4  pages  of  facsimiles). 

The  Patnaakey  iDilions  of  Virginia,  by  John  Garland  Pollard.     19  pages. 

The  Maya  Year,  by  Cyrua  Thomna.    64  pages,  1  plate. 

Bibliography  of  the  Wakoshan  Languages,  by  James  Constantine  Pilling,  xi,  70 
pages  (inclnding  2  ptgss  of  facsimiles). 


CloMifioaHmt  o/ManuKript*. — In  the  current  appropriation  for  Aroerioan  Ethnology, 
provision  was  made  for  rental  of  (jnartera  fof  the  use  of  the  Bnrean,  and  in  accord- 
ance therewith  the  sixth  floor  of  the  Adams  Building  on  F  street  was  leased.  In  addi- 
tion to  increased  floor  space  for  the  use  of  its  collaborators  when  not  engaged  in 
field  work,  the  Bnrean  now  baa  two  large  fireproof  vaults,  in  which  has  been  aafely 
depoaited  the  large  body  of  valuable  manuacript  material  in  ita  poabefwton.  This 
material,  comprising  over  l,400specific  linguistic  papers,  60  miscellaneous  linguistic 
papers,  and  236  mannscripts  on  miscellaneons  ethnologic  subjects,  has  been  tenta- 
tively catalogued  by  subject,  lingnistic  family,  and  author,  and  another  catalogue 
alphabetically  arranged  by  catalogue  and  unit  is  now  bniug  prepared. 

7orI<r«  Columbian  Expoiilion. — The  labor  of  prepartcg  tbe  exhibit  of  the  Bureau  of 
American  Ethnology  at  the  World's  Columbian  Eipoaitiou  was  assigned  to  Mr.  Wil- 
liam H.  Holmes,  who  was  assisted  by  Hr.  Frank  Hamilton  Cusbiug.  After  directing 
the  installation  of  the  colleclions  Hr.  Holmes  returned  to  Washiugton,  leaving  to  Mr. 
CnshJng  the  final  arrangement  of  a  number  of  lay  figures  which  had  been  prepared 
by  Hessra.  Holmes,  Hooney,  and  Cnshing.  Mr.  Gushing  remained  at  the  Exposition 
in  charge  of  the  Bnrean  exhibit  nntil  the  middle  of  September,  meanwhile  conduct- 
ing the  study  of  primitive  American  gomes  noted  above. 

It  is  gratifying  to  be  able  to  state  that  the  figures  aud  other  collections 
exhibited  by  the  Bureau  at  the  Chicago  Exposition  met  with  high  prnise  from 
every  quarter.  A  report  on  these  collections  is  iu  course  of  preparation  by  Mr. 
Cnshing  with  a  view  to  publication. 

Lihntrif. — From  the  time  of  tbe  establishment  of  the  Bureau  until  the  autumn  of 
18S8  the  books  received  through  gift,  exchange,  or  pnrcbase,  were  temporarily 
depoeited  in  tbe  library  of  the  Geological  Survey.  When  the  Bureau  moved  into 
independent  quarters  Hr.  Hodge,  in  connection  with  his  work  un  synonymy,  was 
placed  in  charge  of  the  library,  which  tlion  nuniberi'cl  about  2,600  volumes.  At  the 
close  ofthe  year  the  library  bad  incieasedto4,350voInmeB,cbiefiy  through  exchange 
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Appropriation  by  Congreaa  for  the  fiscal  year  ending  Jane  30, 1891,  "  fbr 
continaiug  ethnological  researcliea  among  the  Aniericao  ludiaDH,  under 
the  direction  of  the  8mitb»0DiaD  lostitntion,  inelading  salaries  or  oom- 
pensation  of  all  neceaaarj  employocH" $10,000.00 

Balance  Jul;  1, 1894,  aa  per  last  annual  report 10,509.29 

Total 60,609.29 

EzpntdiUrt*  J^g  I,  1893,  (o  June  SO,  IS94. 
Salary  or  aompeasation  per  month : 

1  ethnologiat  in  charge,  12  months,  at  $275 $3,300.00 

1  ethnologist,  12  months,  at  ^50 3,000.00 

1  ethnologist,  U  months,  at$200 2,100.00 

1  ethnologist 6  months,  at  $200 1,200.00 

1  ethnologist,  12  months,  at  $166.06 1,999.92 

3 ethnologists,  12 months,  at $150 6,400.00 

2  ethnologists,  12  months,  at  $133.33 3,199.92 

1  ethnologist,  6  niODChs,  at  $125 750.00 

1  ossiHlnat  ethnologist,  6  months,  at  $116.6li 699. 96 

1  assistant  ethnologist,  12  months,  at$100 1,200.00 

larchieologist,Il  months,  at$216.66 2,383.26 

larchiBologist,  12  months, at  $133.33 1,599.96 

1  assiBtant  orchsologist,  12  months,  at  $100 1, 200. 00 

1  assistant  archieologist,  4  months,  at  $100 100.00 

1  clerk,  4  months,  at  $116 160.00 

2  clerks,  12  months,  at  $100 2,100.00 

1  clerk,  2  months,  at  $90 180.00 

1  olerk,  5  months,  at  $75 376.00 

1  clerk,  12  months,  at  $70 810.00 

1  clerk,  12  months,  at  $60 720.00 

Icterk,  1  month,  at $60 60.00 

1  copyist,  7  months,  at  $60 120.00 

1  copyist,  5  months,  at  $50 250.00 

1  copyist,  5  months,  at  $10 200.00 

1  copyist,  29  days,  at  $40 38.70 

1  modeler,  12  months,  at  $60 720.00 

r,  11  mouths,  at  $50 560.00 

r,  16 days,  at $50 26.80 

2messenger8,  Imonth,  at$50 100.00 

1  laborer,  6  months,  at  $60 250.00 

llaborer,  1  months,  at  $10 160.00 

llaborer,  10 days,  at $10 11,28 

1  skilled  laborer,  11  months,  at  $10 110.  OO 

1  sWUed  laborer,  17  days  at,  $10 21.91 

Total 36,968.71 

HiscellaneoaB : 

Travehng  and  field  expenses $3,702.98 

Transportation  andbeigbt 603.39 

Collections  parchased 1,300.66 

Field  instrnments 292.63 

Illustrations  forreporta 1,881.76 

Pnblicatious  for  library 136.97 

SUtionery 186.33 
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HlMfillAnMnu— CoDtinued. 

Office  rental *909.96 

Office  faruitare  (pnrchued,  moving,  and  rapair)       600.  BH 

Miscfillaneoiia  camnt  eipensaB 143.06 

UisceUaneooBCteniporaryMrviceii,  oopfiDg,  etc.)       ZM.'^ 

n(l252.65 

*47,2I1.39 

Balimce  July  1,1894 3.a»7.«> 

E^endittve$  reclattijled  bf  mbjecl-wtatttr. 

Picture  writiagand  aign  langaage $1,367.70 

Uonnd  work  and  Indian  liietoglyphH 2, 670. 00 

ArduBology,  eastern 6,023.03 

Archeology,  irestcru 3,505.06 

Sjnonyniy 5,485.44 

Uytbology 3,399.96 

Linsaistica 5,167.85 

Bibliography - 3,428.10 

Sociology 7,376.88 

UlDstratioDa 1,673.25 

Rent 999.96 

Cnrtent  and  contingent  eipenBCH 4, 1S5. 17 

Total  eipendituruB,  North  AniericaD  Ethnology 47,211.39 

Balance  Jul  J  1,  189t 9,297.80 

8UMMAET. 
Jnly  1,1893: 

Balance  on  hand 910,509.29 

Appropriation  for  North  American  Ethnology 46,000.00 

60,609.29 

Expended 47,211.38 

Balance  Jnly  1,  1891 3,297.90 

Beapectfully  anbmitted. 

J.  W.  FuwELL,  iMtvaWr. 
Hr.  S.  P.  Lakglby, 

Saoretary  of  tka  Snithtoniau  InililMtion, 
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The  «ppaTcnt  de«T«ase  in  the  nnniboT  of  coneBpondenta  ahnwn  in  the  following 
table  is  to  be  explained  from  tlie  Eut  that  the  present  fignres  repreeeat  the  Actual 
connt  of  the  ledger  canls  under  the  iyatem  adopt«d  in  1893.  The  correspoDiliDg 
fignrc«  in  the  table  of  last  year  represent  the  total  anmber  of  oorrespondeDto  on 
both  the  new  and  old  syBtem  of  ledger  carda. 

For  oomparisoD  with  previooa  years,  I  add  a  statement  Troai  1688  to  189i,  which 
will  make  apparent  the  growth  in  the  Mrvice : 

imi-K.  .  iws-aa.  !  ims-m. 


ism-ei. 

.««,. 

.««.«. 

IWIM 

7S.W 

TS.Dca 

M,jra 

»«. 

Walgbt  of  pMkaKOi  raulvod 

i*ii.eM 

mfs 

»>I,«S7 

sn. 

ledger  ■oc«ai>U: 

Ponl(BMeieM» 

*.m 

t.U» 

j.m 

s. 

FsmignltHUridiuLi 

4.«W 

t.ato 

Donwatle  todetie* 

i.m 

1.3SS 

1,431 

1. 

l.BM 

zaio 

3,H» 

<. 

12.301 

n.sis 

13.2I6 

29. 

l«.ftt8 

C»aihlpiied»bT«d 

an 

«B3 

l.tOi 

..«0 

!,«» 

33,  Ml 
S0,8M 
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The  espen«e  of  the  exehange  aystem  is  met  In  part  by  direct  appropriation  hy 
CoDgreas  to  the  Smithaonian  InBtltntion  for  the  pnrpose  and  in  part  by  appropria- 
tions made  to  different  GoTemmeat  departments  or  bureans,  either  in  their  ooDtin- 
gent  foods  or  in  speciflo  terms  for  lepaymeot  to  the  lostitotion  for  a  portion  of  the 
cost  of  transportation. 

In  addition  to  the  transmission  of  ita  own  documents  the  Government  has  onder- 
tahen,  throagh  a  treaty  which  was  conolnded  at  Bmssels  in  1686,  and  formally 
ratiSed  and  proolained  by  the  President  of  the  United  States  in  1889,  the  exchange 
of  the  pubticatioDB  of  learned  aocieties  in  this  and  other  conutries  and  the  Smith 
sonian  Institntion  has  been  recognized  as  the  medinin  in  the  United  States  throagh 
which  this  eiehange  is  to  be  elTected,  other  gOTemmeots  having  established  special 
exchange  bnreans  for  the  parpoae. 

In  1878  the  Board  of  Regents  established  a  charge  of  5  cents  per  pnond  weight  for 
the  publications  eentontor  received  by  the  various  Government  bnreaae,  this  charge 
being  neeeesory  to  prevent  an  nudne  tax  npon  the  resources  of  the  Institution. 
For  similar  reasons  it  has  been  foond  necessary  to  make  a  charge  of  like  amount 
to  State  inatitntiona,  fhnn  which  a  further  amall  revenne  baa  been  derived. 

As  the  same  reasons  for  the  continnance  of  this  charge  have  existed  to  the  present 
time, the  appropriations  by  Congrees  never  having  been  HUflicient  to  meet  tlie  entire 
expense  of  the  service,  recommendation  haa  frequently  been  made  that  theentire 
appropriation  allowed  by  the  Goveninient  should  be  contained  in  a  single  item  to  the 
Smithsonian  Institution. 

The  appropriation  made  by  Congress  to  the  Institntion  for  the  Exchange  Service 
fiR  the  fiscal  year  1893-H  was  in  the  following  tenns : 

"Par  expenaea  of  the  system  of  international  exchanges  between   the   United 

States  and  foreign  conntriea,  under  the  direction  of  the  Smithsonian  Institution. 

inclnding  salaries  or  compensation  of  all  necessary  employe's,  fourteen  thousand 

flvs  hundred  dollars." 

The  receipt*  and  disbnrsemenla  by  the  accounting  officer  of  the  Smithaonian  Insti- 
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tDtlou  on  ftcooQut  of  inlerDational  eiohangM,  ttoder  dat«  of  July  1,  18M,  cohering 
the  flacal  year  immediately  pieceding,  were  as  followa : 


Direct  approprlktinn  by  ConipeBs 914,500.00 

II«p>ymeiita  to  the  SmlthBoniaa  Inatitntion  from  United  State*  GoTen- 

mentdepartmenta 1,729.22 

8tate  initltntloDS 56. 75 

From  otbar  SOD  roea 379.98 

Total 16,665.95 


Hakrtra  iDd  •MEnpraMtlonn •U.BSa^W 

Fnlgbt I  l,13g.a0  I 

pHklni  boi» taOO 

PrlatlDg U.0O  I 

PoiUiiB MOO 

HMUniCT-]' and MippliH 77.SI  | 

Total dlitiarwmotibi ^  14,«4.58  i  13.110.31 

IMiuicaliiniMtnutaUndltirlUblllllwJunoW,  IttM 3G.42  ' 

ToUl I IT.no.si 

The  foroKointC  table  ebowH  that  the  entire  araoant  received  from  Govemment 
bureniiH  and  other  «aiiTce«  was  (2,165.95,  making  the  sam  practically  available  for 
the  apeolflc  purpoae  of  eschangeii  $16,665.95,  while  the  expenaea  amounted  to 
(17,610.31,  leaviUK  a  deOoiency  of  99U.36. 

An  eat  I  mate  for  the  entire  expense  of  the  service  of  (23,000  vae  submitted  in 
October,  1892,  tlila  anm  heln);  intended  to  include  in  a  ein);le  appropriation  various 
amall  Item*  In  dlffemut  appropriation  bills,  and  also  an  item  of  92,000  to  cover  the 
expeuM  of  an  immediate  eichaoKe  of  parliamentary  docnroents  irilb  the  ooantriea 
enh'rlDg  into  the  treaty  at  BrnsBela  in  1886. 

I  would  aitftin  call  attention  lo  the  fact  that  on  appropriation  haa  been  made  for 
this  latter  purpoae. 


A*  mentioned  In  previona  reports,  it  became  neccBaary  in  the  latter  part  of  1891  to 
provide  for  tin  addition  to  the  series  of  "  ledger"  cards  npon  which  were  entered  all 
packagea  aent  or  received  trot"  a  given  aociety  or  individnal.  A  plan  waa  approved 
by  wbicb  the  curda  were  ninch  reduced  in  si^i',  the  bnik  of  the  older  cards  having 
already  become  a  niattiT  of  aerioiis  i-on  aide  rati  on. 

Tbe  new  and  smaller  ledgnr  cards  were  begun  on  January  I,  1892,  and  since  that 
date  all  tbe  transactions  have  been  entered  upon  them.  The  abbreviation  of  the 
recoTda  and  their  greater  convenience  in  handling  proved  to  be  of  the  utmost  service 
nfaeu  It  became  necessary  to  rednce  the  clerical  force  in  the  ofilce,  and  it  is  only  by 
anch  abbreviation  of  tbe  records  and  by  the  introdnction  of  several  minor  labor- 
saving  devices  that  it  has  liei'O  at  all  poaaiblo  to  prevent  the  work  from  falliug 
Irretrievably  behind. 

The  number  of  new  ledger  cards  on  June  30, 1893,  was  16,340,  and  on  June  30, 1894, 
30,223.  This  difference  of  3,883  represents  the  increaae  in  the  unmber  of  new  socie- 
tiea  or  individuals  during  the  year  making  naeof  tbe  service,  while  the  entice  nom- 
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bor  of  cards,  20,233,  is  the  onmber  of  societies  and  iadiridaala,  both  domestic  and 
torvi^,  with  which  the  Exehtuige  Office  baa  had  relations  siniMi  January  1, 1B92. 
The  uew  list  of  eorreepou dents  is  classified  as  follows: 


The  actnal  coout  of  the  list  of  correspondents  printed  in  1886,  together  with  all 
the  additions  made  since,  gives  9,212  foreign  societies;  of  which,  however,  2,221  are 
not  as  yet  represented  upon  the  new  ledger  cards.  The  Hooompanying  map  will 
coovey  moat  clearly  an  idea  of  the  wide  distribution  of  these  correspondents. 

The  entire  record  file  of  the  Eicljange  Offlee  cootaios  the  names  of  approximately 
13,500  iwlividuala  and  11,500  iustltiitions;  and,  although  a  considerable  aiimber  of 
these  represent  defanct  institutions  or  individuals,  tbeir  registry  with  a  statement 
of  this  foct  is  often  of  very  great  value  in  the  Exchange  Service. 

Attentiou  has  been  directed  for  sometiue  past  to  the  fact  that  the  list  of  corre- 
Hixindenta  in  tbe  Exchange  OOice  reiguires  revision  and  recopying  npoD  cards,  the 
original  office  list  prepared  and  printed  in  1886  having  become  so  worn  and  so  over- 
ciowded  by  freijoent  iuterlineationit  as  to  be  almost  illegible. 

The  special  exchange  list  fur  tbe  distributioD  of  BmithRonian  documents  is  also  in 
ueed  of  revision  and  oorrectioD.  It  waa  prepared  many  years  ago,  aod  not  a  few  of  tbe 
libraries  to  which  it  was  deemed  proper  at  the  time  to  send  theee  publicatious  have 
snnk  into  obscurity,  while  many  new  libraries  have  been  established  to  which  it 
seeuis  desirable  that  Suiithsoiiian  documenta  should  be  eeut.  A  considerable  number 
of  reqneAts  are  received  each  year  inviting  an  exchange  of  publications,  or  requesla 
for  tbe  completion  of  tbe  Smithsoiiian  series  of  documents,  with  which  it  is  rarely 
practicable  to  comply.  It  is  earnestly  hoped,  therefore,  that  means  will  be  found 
fer  revising  this  list  and  the  general  exchange  list  of  correspondents.  Either  of 
these  liste  present  a  task  of  considerable  magnitude,  and  it  is  manifestly  impossible 
with  the  present  forte  of  employees — which  is  hardly  able  to  keep  up  with  tbe  cnr- 
reut  work  of  the  Bureau — to  enter  upon  snob  an  undertaking  at  the  present  time. 

The  last  list  of  Smithsonian  eorroBpondenta,  that  published  in  1886,  is  the  only 
one  to  which  applicants  can  now  be  referred.  That  a  printed  list  of  the  addresses 
of  the  principal  learned  societies  and  libraries  of  the  world  would  be  thoroughly 
appreciated,  the  f^qnent  inquiries  made  to  the  Exchange  Office  abundantly  testily. 

INTERKATIO.IAL  EXCUAKOB   OK   OFKICIAI.  DOCUMBNTS. 

Under  tbe  treaty  of  Brussels  of  1686,  tbe  text  of  which  was  given  in  full  in  tbe 
report  of  the  Curator  of  Exchanges  for  1887-88,  the  exchange  of  tbe  official  publi- 
cations of  tbe  United  State*  Government  with  other  countries  has  been  continued 
by  the  Institution,  and  it  now  forms  a  very  large  proportion  of  the  Bureau's  work. 
Theentiiennmber  of  publications  sent  abroad  during  the  year  under  the  provision 
uf  the  act  of  Congress  of  March  2, 1867,  and  of  tbe  treaty  above  referred  to,  was 
15,000,  and  there  have  been  received  in  retnrn  8,812  packages.  The  United  States 
Government  departments  have  forwarded  to  their  correspondents  abroad  28,285 
packages,  and  have  received  in  return  14,555  packages.  The  total  number  of 
exchanges  for  govommeut  libraries  has  therefore  been  23,367  packages  received  and 
43,285  packages  sent  abroad,  a  total  of  66,652  packages,  or  about  67  per  cent  of  tbe 
satire  number  handled. 
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I  Tigret  to  report  that,  throagb  circamstancea  over  which  the  p«rMiDD«l  of  the 
Exebuige  Offleo  could  have  no  control,  it  waa  found  impracticable  to  prevent  the 
work  of  the  year  from  falling  in  arreari. 

The  >ppropri*tioD  fur  theflac*!  ;ear  was  $3,500  less  than  for  the  yoaTsunin«dia'tel7 
preceding,  and  during  the  latter  half  of  the  year,  no  deficiency  appropriation  hav- 
ing beeD  passed  by  Congress  it  became  necessary  to  cnrtail  the  expenses  in  every 
passible  way  by  reducing  the  nnmber  of  einployeea  and  otheiwise  in  order  that  the 
regular  appropriation  might  not  be  exceeded. 

A  Airther  embarrasameut  arose  from  the  fact  already  stated  that  some  of  the  Qor- 
emment  bnreaiu,  ordinarily  sending  a  very  considerable  nomber  of  docmuento 
abroad  through  the  Smithsoniao  Institution,  were  unable  to  reimburse  the  InstitD- 
tion,  as  in  previoos  years,  for  the  cost  of  transportation  advanced  to  meet  the 
expeuae  involved. 

In  esveral  instances,  therefore,  it  became  necessary  to  advise  correspondents  that 
it  would  be  Impoaaible  to  receive  and  tinusmit  their  publications  nntil  after  the 
close  of  the  Hscal  year,  and,  as  freight  charges  could  notl>e  met,  a  very  large  numtver 
of  docntueDts,  oonstitutiDg  the  niiscellaDsons  exchanges,  as  well  as  some  7,000  Con- 
gresaional  docuneuts  to  be  transmitted  to  parliameotory  tibrariee  with  which  the 
exchange  for  the  Library  of  Congress  is  Conducted,  had  to  be  held  over  onti]  after 
the  new  appropriatiou  became  available. 

The  exchange  relations  with  Greece  are  In  the  same  condition  as  a  year  ago,  when, 
ou  acconni  of  the  expenses  attending  the  distribution  of  pwkageR,  the  transmission 
of  miacellaneons  exchanges  was  discontinued  by  request  of  the  librarian  of  the 
United  National  and  University  Libraries,  fonoerly  acting  as  the  medium  for  dis- 
tribnting  pnblications. 

The  tranemiuioiu  to  Brazil  and  Chile,  which  were  for  a  time  suspended,  were 
renewed,  bnt  the  exchange  with  Mexico  ia  still  in  an  extremely  unsatisfactory  con- 
dition, and  the  transmission  of  the  parliamentary  documents  to  the  Mexioan  Gov- 
emment  has  been  snepended  anaiting  some  action  by  the  Mexican  authorities,  to 
whose  attention  the  matter  was  brongbt  throagh  the  Mexican  niioister. 

The  difflcnities  attending  the  transmission  of  durnments  to  India  has  been  finally 
met  by  the  action  of  the  Secretary  to  the  Oovemment  of  India,  at  Calcutta,  in 
obtaining  the  conitent  of  Her  U^esty's  Secretary  of  State  foe  India  to  continue  the 
former  arrangement  under  which  publications  intended  by  the  Smitbsoniau  Institu- 
tion for  private  inatitutiona  and  individuala,  oa  well  aa  for  Government  depart- 
ments and  individnala  in  their  official  capacity,  were  forwarded  t«  India  tiom 
London  by  the  director-general  of  atorea,  at  the  coat  of  the  civil  depnri^ment. 

I  take  much  pleasure  io  bearing  witneas  to  the  efficiency  of  the  employees  in  the 
Exchange  Office  and  in  expressing  appreciation  of  their  elforts  to  keep  up  with  the 
added  volume  of  work  in  spite  of  the  unavoidable  reduction  in  the  force,  and  I  beg 
leave  to  call  to  your  notice  the  carehil  attention  to  the  interestM  of  the  Inaitiition  on 
the  part  of  its  special  agents  abroad,  Dr.  F^lix  FlUgel,  in  Leipair,  and  Messrs. 
William  Wealey  &■  Son,  in  London. 

'fbe  Smithsonian  Institntioo  ia  alao  under  special  obligation  to  tlie  Secretary  of 
the  Treasury  who  has  designated  an  officer  of  the  United  States  Cuetom-Ilonae  in 
New  York,  to  receive  and  despatch  to  Washington  cases  containing  international 
exchangee,  all  of  these  cases  being  passed  both  in  this  country  and  abroad  free  of 
custom  duties. 

Orateflil  acknowledgments  are  also  due  to  the  following  transportation  companies 
and  others  for  their  liberality  iu  granting  (he  privilege  of  fren  freigbt  or  in  other- 
wise assisting  lu  the  transmission  of  exubange  parcels  and  boxes,  while  to  other 
&rma  thanks  are  ilue  for  reduced  ratea  of  transportation  in  consideration  of  the 
disintereated  services  of  the  Institutifm  in  the  diCFusion  of  knowledge: 
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dn  Hoafe.  So.  5,  Brnrnds. 

>.  HonmaL  and  <i«alafim  Sarrc;  OOee,  Ottawn. 


HoDgkanc;  for  ShangiiM: 


t'ltui-B:  Bonaa  ^tmivais  dtm  c.^-'aaa-j:nt  In 

:  Dr.  F-^iLx  F.iiiwL  >'•.  I  a.-u^n  : 

riaa«ieioripo.  .  S««  Ftanit. 

friiau-niiia!  ImtCiniM  XjciuDui  ' 

Haiti:  decivuirviiEuc  lies  £<'UUi<rmt  Emneorva.  Pcnt-M-Prince. 

K-imlntaa:  Bi>in>ctiijt-»  SatiunaL  r-'ani'i:ra;p». 

Ici'UqiI:  I<pLuuLj  Jr.pc:3i>.)kaja:a.  E<yi;.ii-k. 

Italy  :  Bih:;.)S«»  X-vii.iQ^iIe  VMnurai  Emanmie.  Emm. 

Japan:  Mini.^t*r  of  Farewn  Afliurs,  T.iitT.i. 

I.ilwfTia:  Lil)ena  CuUeee.  M.iaxTjTia. 

Maririra:  L>irer-ioT-G«aeni.  ArniT  MinUi-a:  LVpomneBE.  LuadoD,  England 

Malta,  r Aw  Madeira.  1 

Manritin*:  Royal  Stfi^ifot' Arts  and  Siwui-wK  Pun  Loaia. 

Mkxkvi:  Packa^ca  »euv  by  m>Fi 

M<KBniV>iqn«:  tyocieOad  de  i^co^nda.  Mo/am l)i.| to. 

N'thnrUodB:  Barcaa  3f  ientiliqaa  Ceulnil  SVerlaDdaii,  Drn  Heldn. 

Jt^w  l.-alninnia:  (iordoa  A:  i;ol<:h.  Londun.  England. 

N-wfonndJand :  Fostmaster-fieoeral,  St.  Johna. 

"•  Hnath  Walt. :  Oovenimeul  Board  for  Inieniational  Exchanjne,  SyAativ 
J^'""^»'"'*d:  Colonial  MiuKnia,  Wellington.  «-.    /        J 

«"'•«? :  Koft^ellgc  Norake  Frederika  Lniversitet,  Chriatiania. 

"  MKHajr:  Oov«mnimit,  Aaaocion, 

'■'"I  IUUU.,t^n  Naeional,  Lima. 
I''.'lv?''  l""  '"'""''"■  "*?"■  Economical  Society.  Manila. 
I'i»i.'""i"'  "''P»''*"'en'  of  Foreign  Affajra,  HodoIdIu. 
IJii^     I   '  ""'""I'""!''  Nacional,  Li.bon. 
■   ■llll'wi.'ir' '  "'"'"''''"'"■''  Meteorological  ObBcrvatory,  Brisbane. 
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Knari*:  ConuniMion  Boaae  d«a  fiebkogBa  iDternationaDs,  Biblioth^a«  Imparl 

Pabllque,  8t.  I'eMrabiirg. 
St.  U«l«na:  DirMtor-Genetm],  Arm;  HedicAl  Departmeot,  London,  Englmnd. 
Saui  SalTkdor:  Haa>Ki  Nmoional,  S«n  Sklvkdor. 
Servl*.    ($M  German  f.) 

SonthAortnlik:  Genarnl  Post-OfHco,  AdeUde. 
Spain :  K.  Ac«denii»  de  Ciencias,  Madrid. 
8w«den :  KongUg*  SveiMha  Veleiuhspa  Akademion,  Stockbolm. 
Sw1tz«tUnd:  Cantrsl  Library,  Berufl. 
TMOUUiii:  BoyalSooietforTMmaaia,  Hobarton. 

Tnrkajr:  Aoteriean  Board  of  CommissioQers  for  Foniini  Hiaatoni,  Boaton,  Uaaa. 
Umgiwy :  Oflcina  de  Depdelto,  Beparto  y  Canje  iDtemadonal,  Hontovideo. 
Veiteiaela:  Univenfty  Library,  Camcaa. 
Victoria:  PnUio  Library,  Unseam  aud  National  Gallery,  Melbonrn^. 


lyAliiieirini,  Banm,  Boyal  Poitagaeae  oonanl-genera).  New  York. 

Aatericaa  Board  of  Cnmniinioners  for  Foreig:a  MiMlona,  Boetou. 

Anebor  Steamship  Lino  (Henderson  it  Bro.,  agents),  New  York. 

Atlas  Steametip  Company  (Pirn,  Porwood  A  Co.),  New  York. 

Bwley,  U.  B.,  A.  Co.,  New  York. 

BSra,  C,  eonsni-general  for  Sweden  and  Norway,  New  York. 

Boolton,  Bliss  &  Dallntt,  New  York. 

Calderon,  Cliniaoo,  cousQl-genaral  for  Colombia,  New  York. 

Cameron,  R.  W.,  &.  Co.,  Now  York. 

Baltazxi,  X.,  eonsnl-genera)  for  Turkey,  New  York. 

Colambian  line  (StamTord  Parry,  Herron  &  Co.,  ageata).  New  York, 

Compagnie  Orin^rale  Transatlantiqne  (A.  Forget,  agent),  New  York. 

Cnnard  Boyal  MaU  Steamship  Company  (Vernon  H.  Brown  &  Co.,  agents),  Npw 

York. 
Eopriella,  Jnsto  R.  de  la,  consnl-general  for  Chile,  New  York. 
Hambnrg-Ameriean  Packet  Company  (B.  J.  Cortia,  manager).  New  York. 
Hcosel,  Bmokmann  &,  Lorbaoher,  New  York. 
Hantei,  Joe^,  consul-general  for  Umguay,  New  York. 
MnDos  y  Esprirlla,  New  York. 

NaTigailone  Generale  Italiana  (Pheljia  Bros.  &  Co.),  New  York. 
Netberlaods-Americaa  Stoam  Aarlgation  Company  (W.  H.  Vanden  Toorn,  agent). 

New  York. 
Niwtli  Oarman  Uoyd  (agents;   Oelricha  A  Co.,  ?iew  York;  A.  Scbnmaober  &  Co., 

Baltiinore). 
ObATTio,  Helcnor,  eooaal-geiieral  for  Baliria,  New  York. 
Pkeiflo  Mail  Steamship  Company  (H.  J.  Ballay,  saperinteadeut).  New  Yors. 
Pioneer  Line  (B.  W.  CameroD  A.  Co.),  New  Toik. 
Parry,  Ed.,  A  Co.,  New  Yorfc. 

Pomarea,  Mariano,  oonsol-general  for  Salvador,  New  York. 
Bed  Btar  Line  <Peter  Wright  A  Sonh,  agents).  New  York  and  Phibdelphia. 
Robl,  C.,  consnl-genersl  for  Argentine  Bopobllo,  New  York. 
Boyal  Danish  consnl.  New  York. 
Bniz,  Domingo  L.,  consol- general  for  Eenador. 

Stewart,  Alexander,  eonsnl-general  for  Paraguay,  Washington,  D.  C. 
Toiiello,  Enriqne,  consul-general  for  Ooatemala,  New  York. 
White  Croas  Line  of  Antwerp  (Foueh,  Edye  A  Co.),  New  York. 
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AipntiMKapsblki    OsLH.IMa. 

AoaD^HangHT"    Jal7«.  ».  l&Aac.T,ja.n. Sept. LKMiOEL  tin.  Kot.L»,! 
a.M,F>bL3,Jaa  U  UM. 

Belflu jBl7lLS>pt->7.X<n.i«,iaS;  Jaa.>,ll,Fe)t.lS,JiiBel«.UM. 

BriUAceloBit*....    Ja]TMAac.l<,S«T.ll.Dee.».UMi  Ja^It.  Apr.23,MkTtt,I8H. 


IK>o.«,UMi  Jm. 


.    On.31.UM. 
Oct.31.UM. 


.    Jalya^XvT.U.Dae.M.UMi  r«li.l*.jBMlI,UM. 


. ,  JaB.19.UM. 


-   I 


JdIj  B.  IMT.».  Asg.U.K,aLSapt.l,M.M,Ost.n,Ig,KoT.T.tS.I>Bo.ll,I«M: 

Jul  II. is.  Feb.  J.  Mar.l,  Apr-  AHv  1^  18M. 
Jul;  B,  IS.  Aa;- T  Sa,  31.  Srpt  1,  S.  M,  10.  Oet.  U.  B.lfoT.  1 B,  n,  Deo.  a,  ISMi  Ju.  ^ 

M.  Feb.  S,  Maf  J,  JuK  S,  11.  ISM. 
jDlTe,a«.  Adc- l<,ia.31.Sq>t.l.a.M0ct.n,Il,lS.K<iT.Il,lS,Dee.  !.».  ISMi 


GnalMXRU 

NOT.4.UM:  Jiu«ai»*. 

Jolf  «,  11.  Sept  a,  Oct  IS,  No*.  ia,I)«.  MSM ;  Feb.  lO.  Uay  1. 18M. 

K:::::;:::;:;:; 

MmIoo 

ire«»>albW«lf«. 

Oct»,18M. 

Nethorluida  >Dd 

oolonlea 

JDl7ia.AaB.lR.\ov.lS.lBn^  JUL1.F      ll.Ju»lS.UM. 

0*tS5,18Sa. 

Joly  10.MoT.10.16Mi  Feb.  10.  IBM. 

JnlTlO.Kor.M,  ie>3;  Feb.l>.Jiine  Za.l»t 

OctiMBW. 

(iDoInOed  Id  Gemuui;.) 

Jul;  10,  M,  Adk.  IS.  Oct  3.  VoT.  16.  D«.  t,  18W ;  Jul  4,  Feb.  1.  U,  H«T  10.  UM. 

lJov.i,180X 

BMlSftlndor 

(iDClodo)  In  Oenunr.) 
Oct  15. 1883. 

SonLhAaBtrallb... 

Jaly  10,  }ToT.  13, 1803,  Jan.  lS,Feb.  11,  Jddb  11.  ISM. 

Joljr  10. 20,  Sept.  a.  Oct «.  Not.  18.  IBM ,  Jan.  *,  Feb.  1,  ll.Maj  10. 1804. 

Sweden 

July  10.  Oot  11,  NoT.JO.  Deo.  0, 1803 :  Feb. «,  Jmie  10.  IBM. 

_"f°^ 

Oat31,IBS3:  lbTa.l8M. 
OetaMSOJ. 
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Tb»  diatribation  of  «xcliRng«s  to  fordgn  ooootriea  was  made  in  821  caaM,  reprv* 
oenting  187  transniiiwuna,  as  follows: 

ArgentlBe  Bepablio 


Brlttoh  coloolM. . . 
OipaColoDf 

CUU 


Boniatnl*  (tndodad  Id  Oernuay) . . 


Sui  Salvador 

Scrria  (indiidcd  in  Qmataj) . . 
Soutb  Alulralla 


SiriUfiTland... 
Urngaay 


Shipmento  of  United  States  Congreutonal  pnbUoatioiu  were  mAda  on  Aagnst  4 
and  December  20,  1893,  to  the  Govemmenta  of  the  following- aamed  oonntriea; 

ArginUne  BapubUa.         Colombia.         Kothcrlanda.  Soath  Aostialla. 


CanadB,  ORawa. 
Canada,  Tmonto, 


Eogluid. 

HalU 

Bnn^a^, 


Shipments  to  Greece  and  Mexico  i 


aaioo;.  van 

e  withheld  for  the  present. 


Totil  GoTorDiDint  BhIpnMDtB. ft 

Total  mlKcUaBMni*  BhlpmeBtl 321 

Total  ahlpiDenta W 

loUlahipmaBUIaatTBaT 871 

Inenaae  oTcc  last  year — Hi 

BaspeotfoUy  mbmitted. 

W,  C.  WWLOCK, 

CuratDT  of  Ex^Hmge*. 
Hi.  8.  F.  Lanolbt, 

Seoretary  of  the  a^iUuonian  luaatulimi. 
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REFORT  OF  THE   8UPEKIKTBNDENT  OF  THE  NATIONAL   ZOOLOGICAL 
PARK. 
Bir;  I  bftva  tbe  baata  to  aabmit  the  following  report  of  the  opcraLiuna  of  the 
Natioual  ZoolOftiuJ  Park  for  the  GboaI  yoar  oodiiig  Jane  30,  189t: 

Tbe  progreea  of  the  park  has  been  aloDg  the  linea  already  indioated  in  tama 
repoTbi.  Tbe  appropriation  granted  by  Congreas  being  inaafflcieat  to  permit  tin 
coDstruotion  of  auj  important  new  strnctnrea,  attention  baa  mainly  beeo  giTAii  to 
perfecting  the  ocooniuiodationB  already  established  and  to  improving  the  means  of 
acueu  eqjoyed  by  the  pnblio. 

The  location  of  tbe  deer  paddocks,  on  tbe  eMteni  bank  of  the  little  streAm  tbit 
flows  through  tbe  park,  was  found  unfavorable,  they  being  situated  there  against 
the  boundary  fecice,  and  the  deer  being  consequently  endangered  by  the  presenoeof 
dogs  roving  in  the  vicinity  of  tbe  park.  Tbe  sight  of  a  dog  frightened  them  to  aaeh 
an  extent  as  to  cause  them  to  injnre  tbenuelves  in  their  efforts  to  escape-  Sereral 
of  tbom  were  killed,  breaking  their  necka  by  ronning  violently  against  the  fence, 
others  broke  tlieir  Ic^  by  liecoming  entangled,  and  still  others,  after  leaping  a  fence 
eight  feet  bigb  were  recaptured  with  much  difficulty.  The  force  of  watchmen  at  tha 
park  being  insufBcieuk  to  fully  guard  against  sncb  accidents,  it  wae  thongbt  best  to 
remove  the  paddocks  to  a  protected  situation  within  tbe  pork,  at  a  anffioient  dis- 
tance from  the  boundary  fence  to  prevent  distnrbanoe  of  the  animala.  A  aits 
was  selected  a  ebort  distance  below  the  llama  hoase,  and  a  enitable  barn  oi 
shelter  was  oonstracted  of  rough  beams  and  thatch,  as  shown  in  the  accampaiiyiug 
illiutratioo.  '  The  paddocks  were  inclosed  by  light  wire  fencing  8  feet  in  height. 
No  farther  trouble  has  arisen  with  the  deer  since  this  change  was  made.  The 
approximate  cost  of  tbe  house  and  paddocks  wae  9600. 

It  being  desirable  to  place  the  beavers  in  a  locality  suitable  for  their   habits, 

a  retired  valley  was  selected  from  which  tbe  public  coaid  be  excluded,  and  the 

animals  were  allowed  to  build  undisturljed.     These  resulU  were  eren  mare  eatu- 

fsctory  than  were  eipooted,  as  the  animals  at  once  commenced  to  ent  down  trees  of 

considerable  size,  and  to  coustraot  a  dam  and  a  lodge.    It  is  hoped  that  others  may 

be  eecared,  and  that  they  may  be  partially  domesticated  so  as  to  carry  on  their 

interesting  operations  under  tbe  observations  of  the  public. 

*"'  ~  '  id  for  waterfowl  and  other  aquatic  animals,  aitnated  aonth  of  the 

e  bridge,  baa  finally  been  completed,  but  is  not  yet  fenced  in  bo  aa  te 

kls.    A  smaller  poud  on  the  left  bank  of  Rock  Creek,  near  the  Quarry 

IBS  been  prepared  for  swans.    This  will  prove  a  pictnreaque  feature 

I  wnter  con  be  lod  into  and  out  of  it  by  a  series  of  email  oaaoadce, 

d  a  pleasing  variety. 

B  prairie-dog  town,  among  trees  upon  the  top  of  a  gravelly  knoll,  is 
isatisfootory.  It  seems  probable  that  when  a  large  nnmber  an 
oiited  space  for  a  considerable  length  of  time,  the  gronnd  becomei 
tb  injurious  matters.  It  has  been  noted  that  the  number  «f  these 
1  gradually  decreasing,  and  it  la  estimated  that  tbe  total  has  fallen 
s73dnriug  tbe  year.  As  soon  as  funds  are  available  for  the  purpose, 
0  remove  them  to  a  tiealthier  aituaUon,  and  to  anaage  ao  that  they 
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BWj  beablft«d  from  tioM  to  time.  The  preMnt  site  will  benn  admirable  aitnation 
for  a  pnblie  eomfort  roam  and  refectory,  whioh  is  greatly  Deeded  for  the  oooommo- 
datlon  of  the  pablio. 

AeonsidnrAbleBQm  has  been  spent  in  preparing  a  drlTeway  irom  the  animal  house 
to  the  weet  gate,  through  one  of  the  moat  beantifnl  regiona  of  the  park.  CoDBld- 
erablu  ezcavatioDS  and  flila  were  neoeaaary  at  variona  points,  and  theaam  at  thedia- 
poaal  of  the  ailminiBtration  was  inBafflcient  to  properly  anrfate  and  finiah  the  road. 
A.  Bnbfltantial  gutter  was,  however,  laid  upon  the  aide  of  tlie  roadway.  Dnring  dry 
anmmer  weather  thia  road  ia  satls&ctorf ,  but  the  froets  of  winter  make  it  ao  aoft  as 
to  be  almoat  impaaaable. 

ScTentj-tbree  animals  were  lent  the  park  during  the  winter  by  the  proprietor  of 
the  Forepaogh  show.  This  proved  a  great  attractloD  to  the  public,  obtained  at  very 
Blight  expenae,  the  only  increased  obarge  being  the  fooil  connumed.  Tt  is  believed 
that  it  wonid  be  advantageona  to  oontinne  the  practice  of  taking  snilable  and  inter- 
eatJDg  aaimala  for  tbeexpenseof  theirmalntenanoe,  as  by  thia  meanaBomespecimens 
ore  almost  certain  to  be  added  permanently  to  the  collection,  one  of  the  atipulatjons 
made  in  such  cases  being  that  all  animals  bom  in  the  park  shall  become  the  property 
of  the  Government.    A.  kangaroo  and  a  mookey  were  in  thia  wa;  obtained. 

The  collection  baa  thriven  fairly  well  during  the  year,  conaiderjng  the  &ot  that 
DO  pnrobasea  can  be  made  and  that  it  ia  so  mncb  dependent  on  gifta — a  list  of  tbe 
donoTB  of  which  is  appended.  Tbe  number  of  snimala  on  baud  at  the  cloae  of  the 
fiscal  year  was  510,  being  a  slight  increase  on  the  Tinmbei  at  tbe  beginning  of  the 
year.  The  nnmber  of  deaths  waa  ^1,  chiefly  among  the  Bmalter  specieB,  a  conHid- 
arable  nnmber  oocarriug  among  animals  that  were  in  bod  condition  when  they  were 
lent  to  the  park. 

Among  the  Interwting  acceaaiona  was  a  young  black  bear,  boin  on  February  5, 
18M.  lliere  are  but  few  opportuaitiea  for  observing  tlie  growth  of  these  animals, 
■s  they  are  r&rely  born  in  captivity.  Tbe  little  cieature  waa  very  small  at  i>irth, 
not  larger  than  a  good-aized  rat,  weighing;  bnt  nine  ounces,  and  it  was  thirty-nine 
days  before  it  opened  its  eyes.  It  has  been  very  vigorona  and  healthy  fh>m  the 
Gnt,  and  its  development  was  evidently  normal.  A  fine  young  African  lion,  fVom 
Maahonaland,  waa  prpsenteit  by  Mr.  H.  C.  Moore,  and  promises  to  become  a  very 
luge  animal  when  full  grown. 

Jnintalt  in  the  ooUeetion  June  SO,  1894. 

ADMrku  blHm  (B>Mn  anununiu 

Ktbo  {BttindietHi 

COBiinon  goat  <  Capra  fcirnu) 

AniiangDiit  (Ovni  Ainu  nvomwit) 1      C*pybara  (HVdnMfioiru  « npybora) .  ■ 

Amerloinelk  (0»TW««ia<l«u<i) U      Vaa^  {Oalogeay  j 

ViigliiiadMr  ( Oirisvuf  ({fyiafiHtu) 11      Agocti  {Z>arifpT(Klaaiiiiti)... 

Uoltdeer  COarionuntoervlit) 2      Acouchy  fOwvpTDcM  oaoucAy) .. 

P««U7  |£)i»fyts(ajafu) t      Oiuit  motAey  iCtTcopithteat  diaiMU 

HIppapotunDBCHliipifwtaiiHUlimplklMiH)...  1  I  Grirct  uonksy  (rUonicrbiuniirv('^«'^'>l 

SmiutniiThiiiacer«(fiA<n««rD«fumarr0lwi«).  1  i  Rbeaai  moiik6r{Jfae<h7U^rA«#Utf)  .■..--- 

Domutic  ■«  (f^uut utaut) 2      Uusaqaeuumkey  (ifacoeiwejfiKnno^M) 

UuBB  {AiKAanfaf Eanta) T      Wb<U-thrwl«il  npacblD  (CMui  hvpolcucui). 

Oiuuco  (AiuAmuiAiuitHKs) 1      Squirrel  moDkeyfOAryHCirizKiiiriUf) 

iDdUn elaiilunt  (£l(}>Aajiiid<«(f)... 2      DonrDucooU  iSyetipUlteeui  trmrgatiti'i 

Haakrat  (KAtriiftftMna) 3  |  PinEfae  ( ffapoJf  odipiu) 

AlWDoraKJIiKTWKtH) t      MtxmovAiSapaUmtgarU) 

CoypD  (JTvepiKamiilHVFH) 1  \  Lion  (Filif  I») 

'Bfenee  {,0a4lor  fbtri 1  |  Tiger  (fdu  tvrii) 

WoodubaBk  (Anrtomv*  numoxl 1  ,  Pama  (f dia  coiHsbir) 

Fnlrledag((V»m«'[«d»icianiu)..- 2t  ,  Ocslot  (fVIitpanlalft) 

Boabellled»qolrTel(i»BiinMoiir»^a*(«r)....  a  1  Bay  lyni  (^vnxrHnu) 

QrBjgqulrrel  (SnarutcaroUtuniii) IB  I  Spotted  Ijni  {L^nm ruAn  tmumtotiM) 

FnmaiiCi  ehlokirM  (Stfunu  AwlMnlW  Ai-  {  Kuuluwoiriioi     ' 


3  I  St.  Bemud  dot T^t^lt^ 
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Etklmo  dog 

Block  woU iOanit lupia grifo-aibut)  .. 

CoyaU  lOaniM  Utlrent) 

Badroi  ^r^i^pttJ\Umu} 

Swift  fBl(rulpUHl«> 

Gmj  foi  I  tVocjron  nririnlanu) 

Femt  (fWorita/Hro) 

Wolvsriue  (Uulo  Iiucm) 

AmaricsD  badger  {Tai 
Elnk^ou  ICercottplu  «■«)■ 
CutI  moDdl  (JVotiur  turico) 
Coktliniuidi  (IfamaiVl-- 
Cacomittle  (BnMorit  •duta. 
RaceooD  (Procv»n  loUr)  — 


Pea  bnri  {PsH  niMatu) 

Cmkwbi;  lOaitionuM  galeatui} 

Cuiama  {Csriama  a-MoM) 

Suid-hm  cnine  {0nit  MBoilMMiij 

BUrk-orowsfd  sight  herao  (JftwCMroz  <ia«i- 


SurletlblstOwrarvAral 

Cuiad*  gooae  IBranU  canadmrit)  .. 

ChlDWagODH  <^iu>T  et/gnotda} 

Black  dnok  lAiuutbtmrai 


Grialj  ben  iUrnit  lurrri/rOit} 

PoUr  beat  (rftoJajMrctoimaritimuj) 

Oaitieaplg  iCavia poredlui) 

BDgliBh  rabbit  ILttnu  nniuutia) 

Albino  rebbit  {Ltpiu  cunictiba) 

Black  rabbit  (Lipuieuninilia) 

Great  red  kanganw  ( Jfacropiu  nflu) 

Eapgarao  IMatroput  1^.) 

Caaimoa  irpijnani  {Didtipkyi  timimsrui)  — 
GoldoD  bt^ia{Aiuiiaehryta^et\u)--'',..^--^-. 

Baid  eagle  (HnlKBCdu  IcucosiiAaluO 

Red-tailed  kawk  fBuUo  bomMi) 

Snowy  owl  [Xvetiariyctea) 

Great  korned  owl  (Huionr^niantu) 

He4)-aud-b]jie  macaw  [Ara  ehltrropUFa) 

B«d  and-yellow  and-bl  ue  macaw  {Ara  tiucoa) . 
Sdiphiir-cnnud  oockaUn  {Ctuaiita  gaUrila)  , 
Leadbealer'a  cockatoo  iCacaiualeadbtateri) .  . 

Bare-eyrd  caofttMo  iCacatva nvmopit) 

Green  parrot  ( Okrytotit  anKUmical  ,..-„.',. 
Green  parrot  4 (JAr^ntif  auropalfiaftu}  ....w. 

Cnminoncraw  (Oomi*  animconti*) 

Karen  [Oomuarrax'i 

Clarke'a  nutcracker  1  Pieinnmt  Columbia  niu> . 

Fantall  pigeon  |CoIt>mbil  litia) 

Domeatie  fowl  (whita  iGgboml 


Udwwtj'  dnok  (Ooiriiia  nuHckoMI 

Condwa  duck  (Anu  t«(c*<u) 

Mate«wan(0|/»ni"ff>**n»l 

Black  iwan  (OhAioptit  alrala) 

Enropean  white  pellcaa  {Peltranv*  vt 


Anwrican   herring  gnll    (£aru   #)yeatiu 


ASagiliotlAKgatermittiaippitntU)  ,. 
Loggerhead  tniila  {Ttialan»eliftly$  te 

Tortnl»  (nnldonllfledl 

Fainted  tarUelOftrvHmviputa) 

Mnak  lortle  (ArontuAcIyt  odafaiA)  - , . 

GIlamDoater  (iJelDdfrniaiuiMDUl 

Diamond  rattleanakelOvfalMailamanlntt) 
Banded  rattleenako  (OvUliuAfniifw*) .... 
Prairie  ralUetnake  iOnOaiia  cottjbitntit)  -. 
QmuDd  ratUeaiiake  <  Cavdinna  mOuirii)  .. 

Copperheail  lAncittrodon  emttartriz) 

Boa  (Sua  ecDutrlefdr} 

BaUanakeiFilvgpM((avi> 

Black  anake  |£<uDan>iin>eDniIrMiir) 

Garter  snake  (£uCiniiaiir(aU>) 

Watw  snake  (JVvpuftnHitw  ijJwtoH) 

Hog-DMed  gnake  ifi>Mrod<n|*ta(vrMniu)... 

Total SW 


r.r 

PotelgD. 

Domeatl- 
eatad. 

Total. 

»r.™».i. 

igt 

lOT 

S 

m 

336 

» 
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Li$t  of  aeottiton*. 
AKIUALS  PRB3ENTED. 


Bed-tidlisd  aqairrel . . . 
Gnj-  squimt 


J.E.B«U,WHliiiigtoD.D.C 1 

H.C.  Moore I 

Lm  Hcadsnan,  Uemptiis.  Ta ' 

C.O.ChOQmult,NBwOrloMi«,L» ' 

Mn.  Bugher, 'Waabingtan,  D.  C 1 

J.  T.  HcCaddoa.  niwuger  Fonpangh  ahoin ' 

J.K.B«ll,WMhiiigt<ni,D.U ' 

E.S.Sohiiild.W»Bhington,D.C i 

Ii.U.Boak>r.WuMiigtan,D.C 

C»ptJ,W.KlnK,EddyTme.ni 

F.I.Jau;.WuhiaKloD.S.C | 

J.T.McCaddon.nunagarFareiiaagb  ahowa | 

CUrke  Hlddletoo 

G.I.Fnorll«,Takos»Pwk.D.C i 

J.  T.  UcCaddoD,  nuuitgvr  FanpHDgb  ihowa I 

I>r.E.A-HMrDa.TuoaiRi,Arii [ 

C.  O-'CbBDaolC  Naw  Orkaiw,  Lb I 

John  BBlUnd,  WuhingtOD.  D.  L' i 

A.J.Johnaon.'WMhiBgUiti.D.C I 

G.F.SahAObr,  WMbloRlon.D.O 

B.I>.8l«wait,SMl>n>oka.Ud 

L.  W.Wlie«ler,W(ahiDgt<>D,D.C ! 

G.E.Uanh,V*«hliigtoa,D.C I 

J.  T.HcCaddan,  manager  ForepkiiKb  ihOHa | 

G.W.Pasebal,  VaahlBeton,D.<; 

O.F.FolliHk.WiaUiigtaD,D.C 

F.W.Pntt,Waabiiigton,  D.C 

MlaaCGUeawkter.WubbiKloii.D.C 

D.U.8miIb,'VMblngtan,II.C 

J.E.De*ll,  WublDKlOD.D.  C 

p.  H.  Pimoa.  WiahlngUtn.  D.  C 

F.G.8h«w,  9U*«rSpHiig«.  Md 

J.  T.  HcCaddon.  uianager  Forepaugh  abowa 

A.A.P<>rt«r,U*lta,Ohia j 

L.U.Haks,  HutiDibnrg.  V.  Ta | 

G.  U.BiDkiiun.VaahlDgton,  D.C i 

Percy  Orsrtoii,  Fort  Waabingtan.Uil ' 

C.KCber,  Waablngton,  D.C... '' 

Honor  onknoim,  Lnray,  Ta 

W.YDikea,WaabiDgbni,  D.C | 

R.L.Meyen.  WubingtoD,  D.C | 

J.L.Ely.WalbiuEloi.,  D.C I 

J, H. Darling. BnghtwDod,  D.C .-'- | 

G.UcD.HamptoB.  Bristol,  Tenn | 

Newman  K.Perry, Columbia. 3.C I 

J.  T.  UcCaddon,  manager  Farepanub  abowa | 

Mr.  CrutcbBald.  WaahlngUn.  D.  C | 

Htb.  H.  F.  Andereon.  Waablngton.  D.  C 

J.H.Brown.  Waahingiun.  DC 

W.W.KaiT.  Waal] ingwn,  D.C 

J. H. Enabling. Wasbington,  D.C 

J.T.McCaddon.  manager  Foiapaagb  abowa 1 

II,  Google 
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Liil  of  ateenion* — Cantinned. 


FuUU  plgson  .. 


Pckfovl.. 


DiuDoid  raUl««uke- .  • 


IM-and-Tellow-si 


'  KS.B(ihDdd.  WuUngtoD.D.C 

.   0«oritBGnen.  Gearsetowii,D.  C 

.  J.  E.  Bean, 'Waihlnstan,  D.  C 

.   B.  E.Bkltilj,  ffuhlnclaD.D.  C 

.   BeDi7  H.  Kallf.  AlciuidtU,  Tk 

.   H.  G.  Habbud,  thnogliPraf.  C.  V.RIIb; 

-   Hn.  M.  AndtnoD.  WuUngl«,  D.  C 

.   L.  M.  Tajlor,  Wuhlnstaii,D.C 

.   rnil(d  SUtca  Fiih  CoBBlHioa 

.    H.G.  HDbb«d,tbroBghProf.  C.  T.  IUl«y 

.    Dr.  U.U. Crocker,  Gila  BBDd,Arli 

.  J.a.Vjaatt'WtmbiBgUia.D.C 

.   Snoot  A  UoCnlloh,  Sditbnrj.  N.  CT. .'. 

.    H.  W.  BrIoB,  Okone.  Pa 

.   B.  S.  Sehmld,  WaahlngUm,  D.  C 

Do JaiDaaBdl,Gali»Tille,Fla 

FiMrie  tatUeuuka L.  W.  PartaKan,  CoUjer,  Kaaa 

Do Dr.  H.U.CnKker,aila  Band,  Aril 

Copparhead '  Wlllbn  Dinwiddle,  Bnrcao  of  Ethoolog; 

Boa I  L.N.O'Dell,Wa»htogtmi.D.C 

Ball  snake L.  W.  PorlDlOD,  Banacr.Eua 

BUcksnaka '  J.  T.  McUaddoB,  nuMgei  Foiepaagh  ehewa 

Do I  WllUamDInviddle,  BnnaaofBtbndlog)- 

Bog-noaed  make '  W.  A.  D«v]a.  BerodoD,  Ta. 

Do I  J.  H..KB0hlin2,  Vadiington.  D.  C 

Tanntnla |  G.  K.  Gilbert,  Doited  Statea  Gedogloal  Sorre;... 
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HBcaqnemonke;.-. 


.{  Adam  Forepanghabowa... 


.   B.  S.Scbmld,  Waahlnglan.  D.  0 

do 

.    Ura.W.B.HoHa.M'aahlngtfln.D.C.. 

.    £.  a  Scbmld,  WaaUngton,  D.  C 

m  Fa[«paagli  ahowa 


.   Minor  W.Bmoe,  ffaahliigtOD,D.C.-. 

.   E.8.6chnild,Vaalilngton.D.C 

m  Forepaogh  ihowa 
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Lift  if  aeoBMioiu — ConUniwd. 
AVntALS  Lmrr-CsntlDatid. 


,^. 

DoDor. 

Si  k-hm 

Do     '"^ 

HI     vh     V 

. 

ujj—   ** 

do 

"^ 

wlrthvc 

"""l^j^ 

ID 

Ka.Sohmid,WHhiiiEtoii.D.C 

Do*™ 

PBliited  tnTtls 

. 

BECBIVED  IN  ZXCHAKOE. 


mn  &  B*II«T  ■hoira 

to 

.  B.B.Sohmid,  WBiblngtoD.D.C 


Ttrgiiilk  d«er  — . 

Pnlriadog 

Grmjr  kangBTOO  . 
Bed  kiDKinw.  ■ . 

BildHgl* 

Onat  horned  o* 
Sculatlbls 


.  L.lI.O'Ilcll,WwhiiigtoD,D.C 
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ASnULS  BORS  Ui  THK  XATIOXAL 


Z*talS«>a4HWt 


ASIMALS  CAPTTKED  IN  THE  S'ATI05AL  ZOOIXIGICAL  PARK. 
■  iDidrtp^f*  wiryiwiamt  ) 


AS1HAXS  CULLECTED  Df  THE  TBLLOWBIOKK  NATIOKAI.  PARK. 

BUc)[bar(rr»iawv«w) 

Ortalj  btmnCrt%t  luirrHait} 

VlrglDia  dea  ( Cariaau  nr^nwnH) . . 
Americaaelk  tCtrvmica 
Ground  ^alrrcl  (4 

Amerlun  beaver  (autorjttcr) 

V«*(«ni  porcnplne  (fivtAfvim  dtrm 
B«d'Uaedbawk(B>iIa(>onalu) 

SCHHABY  OF  ACCESSIONS. 
AnlMula  pnHDted - 

Asbuftla  lent .-..- - - .,,..-...... 

Anlnul*  received  In  eichange 

Anioula  burn  In  tha  Zoological  Park 

AbIbuI*  captand  Id  tbe  Zoologlial  Park 

Animal*  [FcBlved  from  UieYellDirMOIie  National  Park 


Total.. 


Qf  anlnalionbandJoiMSa,  IW3.... 
u  dntlDg  the  year  ending  Jons  30. 18 


Uealli* 

Anlmala  Mcaped 

Animalt  eicbanged 

AnlnuU*  retnrned  to  ownan 

Anlni»lai>nhandJiineS(l,ieM... 

Itetpectfull;  aubinitted. 


FitANK  Bakbb,  Suporinltndamt. 
Mr.  8.  P.  Lanolby, 

Sterttarg  of  [k«  BoMKtonioM  iniHtBliOK. 


n,g:,.-ndtyG00glc 


APFKIfDIX   V, 

REPORT  ON  THE  ASTRO-PHYSICAL  OB8EBVATORY. 

LB  indicated  in  1117  last  report,  tlie  general  work  of  tbe  ObteTrator;  for  the  Bm*1 

LT  haa  oontiDned  to  be  the  inveatlgation  of  the  infra-red  tolar  epectnuu  desor{b«d 

the  gtatenl  bod;  of  tbe  report  for  1893.    Thia  work  tamy  eonvenieatly  be  diTided 

o  three  parts: 

L.  Gen^l  ■poctrobolof^pblc  work. 

i.  Special  apectroboloKrapbio  work. 

/.  Instramental  work,  inolading  mano&otnre  of  new  apparatua  and  the  perfeo- 

a  ot  old. 

L.  The  general  apeotrbbolograpliio  work  of  the  year  may  be  enmmed  np  aa  followa : 

"bolograph"  iaanantoniBticreprodiietlonof  the  onrre  repieeentlng  tbe  dlttriba- 

n  of  the  energy  in  the  infto-red  apeotnuD.) 


brbolo- 

Nnmber 

BeniHki. 

una. 

,. 

" 

13 
10 

«1 
M 

12 
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■ff«tlwr  condltluni  ontuin.117  b.d. 

, 

j' 



A  complete  record  of  these  holographic  cnrvDB,  antomatically  registerod  b;  the 
apporatna  npon  glaaa  plates,  has  been  filed  for  fatnre  investigation,  the  work  In  Ita 
present  stage  being  confined,  as  bae  already  been  stated,  to  the  exploration  of  this 
hitherto  qneiplored  region  and  tbe  IdentiBcatlon  of  its  landmarks. 

Tbe  result  of  the  work  haa  been  extremely  satisfactory,  so  far  as  regards  the  nniober 
and  importance  of  the  lines  fonnd.  Tbe  accompanying  illuHtration  (see  plate)  show- 
ing a  portion  of  the  infra-red  spectrum  &om  the  region  l.ifi  to  2.2/i,  beyond  what  a 
few  years  ago  was  considered  tbe  limit  of  the  infra-red  apectrnm,  will  show  the 
detail  and  oleamees  with  which  tiie  present  apporatnu  is  capable  of  rendering  what 
can,  only  in  the  absMiceof  abetter  word,  be  called  the  "appearance"  of  this  region, 
■iDce,  it  mtut  be  borne  in  mind,  no  hnman  being  has  senses  capable  of  directly 
discriminatini;  between  these  intermplions,  or  ^f  directly  perceiving  the  form  of 
thia  display  of  energy. 
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Th«  portion  of  tlu  Intt^ieA  apacbiim  •hows,  wkicb  ia  tkd  st  favi^rt  BbAmI 
ftdvknwd,  hM  bMQ  goas  over  Mveral  timM,  and  «Mh  of  tW  bm»  tkaa  300  Ubm 
wbloh  ooflupT  thU  pl»t«  hM  boen  Terified  b^  manj  ob«ri»tinMt.  Tka  plato  ihov* 
bat  B«in»Il  p»rt  of  the  region  which  is  now  being  m^ped.  ia  aJl  of  which  it  ii 
ballaTad  the  rMnltl  will  be  equally  eoooaraging.  Altboo^  bo  inifaliftitinn  lui 
bMU  nude  of  the  meaning  of  the  nuuf  signifieant  lines  in  Oi*  great  *Bd  bow  tat 


(It  uul,^    luilt  lUlfUl  U 

vuilitn  ■iivu'li'uuk. 

w  kki.>ti  iMu  ui>(  uvw  tio  Uu'qMU  * 


1CU-i^   III«J  IwmI  t»  eotclBKODt 

iui:::u:  t>»u«alioCH  liae*  in  the 
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ThiM  of  tlMM  bolographa,  t»keD  ttoja  >  large  number  covering  the  smii«  rogion, 
■re  ihown  in  the  illuBtration  (Fig.  1),  in  order  th»t  the  roanner  of  recording  the 
T*ri»tion»  in  the  diBtribution  of  the  energy  in  this  portion  of  the  •peotnun  may  be 
■hown,  as  «ell  as  the  agreement  of  distinct  obwrrstions  made  of  the  same  region 
at  different  times. 

In  order  to  acoompliah  this  agreement  and  aoonnwy  in  the  curves,  many  changes 
BDggested  by  experience  have  had  to  be  made  in  the  apparatus  and  equipment. 
"Hie  temporary  and  overcroirded  quarters  in  which  this  apparatus  is  stored  have 
tieen  more  and  more  oocnpied  as  the  mechanioal  difflaulties  in  the  work  Increased, 
nntU  now  the  apace  is  totally  inadequate  to  the  needs  of  such  an  investigation, 
wliile  an  even  more  serious  dtSonlCy  ia  that  the  locality  is  in  the  neighborhood  of 
street  trafSo,  and  disturbed  by  continual  tremors. 

B.  The  special  tralographio  vork  wlilcb  is  carried  on  dnring  days  unfavorable  for 
taking  obeerrations  includea  the  classifiaatioa,  detniled  examination,  and  finally, 
the  rednction  'of  the  bolographs  taken  into  linear  translations  of  the  onrves,  in 
Khieh  the  final  result  is  similar,  so  far  as  the  automatio  redaction  processes  will 
admit,  to  the  photograph*  of  the  visible  part  of  the  spectrum. 

Much  attention  has  been  given  to  the  photographic  work,  which  has  presented 
problems  somewhat  difficult  of  solution.  Unch  of  the  photographic  apparatus  has 
had  to  be  speoially  designed  aud  constructed  to  fit  the  peculiar  oonditlons  governing 
its  use,  but  the  present  process,  it  is  believed,  will  meet  any  exigencies  of  the  work. 

The  work  in  this  direction  has  kept  pace  with  the  original  bolographs  and  I  hope 
soon  to  be  able  to  issue  the  preliminary  charts  covering  at  least  a  portion  of  the 
region  nuder  InveetiKation. 

C.  What  may  be  called  the  principal  work  of  the  Ohaervalary  of  this  hind  during 
the  year  has  been  the  improvement  of  the  apparatus  and  the  instrumental  conditions, 
the  lines  of  development  being — 

(1)  Toward  nu  increase  of  delicacy. 

(2)  Toward  Inoieosed  stability  and  accuracy, 

Thegalvanomeler,  whose  relative  importance  in  the  train  of  apparatus  may  almoet 
be  compared  to  that  of  tiie  brain  in  the  nervous  system,  has  been  perfected  still 
ftarther  than  was  noted  in  my  last  report. 

The  ntili^  of  these  improvements,  however,  has  been,  as  I  have  already  said, 
greatlf  impaired  by  the  situation  of  the  Observatory,  close  to  traveled  streets, 
whsrs  it  is  snbject  to  distnrbances  of  the  most  annoying  kind.  This  will  be  better 
understood  when  it  is  oonsidared  that  tlie  galvanometer  never  moves  very  sensibly 
nnder  a  change  of  temperature  on  the  bolograpbof  less  than  a  millionth  of  a  degree; 
that  it  is  on  tiie  regintry  of  these  mlnnte  changes  that  the  whole  system  of  discov- 
ery rests,  and  that  false  changes  can  be  introduced  br  the  piognetism  or  the  tremor 
from  passing  traffic,  which  so  embarrass  the  observer  and  enhance  his  labor 
that  it  may  be  said  to  be  almost  hopeless  to  Introdnce  any  great  further  improve- 
ment In  this  direction  till  the  Observatory  occupies  a  site  Sme  f^m  such  distarb- 
■nces,  in  place  of  its  present  temporary  and  most  unsuitable  quarters.  These  inter- 
ruptions and  diBturbanoes,  whether  magnetic  or  seismic,  have  prevented,  except  at 
tare  and  short  intervals,  the  full  use  of  the  apparatus  In  its  more  dellcat«  capacities. 
Aj^ratui. — The  clockwork,  upon  which  depends  much  of  the  ocanracy  and  con- 
Beqaently  the  final  efBcienoy  of  the  observations,  has  l>een  contiunally  studied  and 
improved. 

The  siderostat  has  been  nnder  continued  improvements  suggested  by  experieDce, 
bat  Hieee  will  be  better  described  when  complete. 

The  Observatory,  during  the  year,  has  received  ttom  the  commissionerB  of  the  Bus- 
liau  Government  to  the  World's  Fair  a  very  large  block  of  optically  fine  rock  Bait 
from  the  mines,  from  which  a  collimating  leus  over  7  inches  la  diameter  nnd  a  prism 
7  inches  in  height  has  been  wrought  (by  Brashear),  which,  it  is  believed,  are  the 
largest  of  their  material  in  the  world.  To  this  prism  and  lens  is  dne  much  of  the 
Increased  etfidenoy  of  the  whole  train  of  appsratos. 
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:  l.W  latMn  Mkmf;  far  pobticaltaaa  not  ib  ooi  lut,  or  for 
HBWHMK  ••'  noBiMf*-  t^  HTia*  ahwidy  in  tbc  libEary.  Iwvc  bras  vrittca.  As  » 
y^ull  Mt'  Htn  gifl  —yi  wafp  anqnirad  by  tke  iMtitatuK,  «Uk  133  tlefectiTB 
a^nt,  wwrt-  oiUtrr  fiooniloMd  «rad(l«I  to  as  l«i  i  tin  jnililiaiwi  ■n»  ilito  to  copply 
f^tmntif  fMrw     TtaH.  TMmh  ■•>  tbti  »taxi\  danldF  tktt  iTBiiMil  la«  j«ar. 

MiHii  IN^   I  tn-  lnTiiii  h»ii  hiMi  >iir fill  ThiiiiiiT|ii  ■f  iwniMmi. Iliri  iinm 

1^  fli  tM>iMdi<i^  bmI  n^^BactMBB  oT  ImBBd  BHiiatin  in  tbe  lik^ay;  1,86S  ikw 
mimII'I^^Iv^  immmiUt^  n>  t^  iMt  of  UMaenMirad,  md  l.M2*fcct)Te*emb 
IUl^1  >m*i*>il><^  ulittlh  or  nartialh  tMBipMad. 

:  T«t<  hnmliwl  awl  thin;-«ix  iA— -kd^Miti  af  poblicatkna 
I,  wldle  mamj  gifta  wera 

editor'a,  Um 

■  of  tte  libruT 

■!  iwii  luiii  lHanaaBigiMd.«Bef«r  acoUection 

rvniV:  Biu;  tbr  ntfasr  ■«  an  olfiee  for  the  lihiaiian.     In  this 
.'(i»rh1u»  and  (bfitiiBiaEMa.  an  plaaad  tke  pablioUoDs  of 
■M-win*  n:  tbr  world. 
:  aiiwr,  tiv  i itr  <i lUarxi oan  of  jginW  buliaiii ufc'to  tfce  ln»ti tM- 


*  uij:  i^uikuma.  m^M^  vilk  idifht  additiof 


vliAi^i- ul  •  :  iia.-.  i.-j.  vi-^iw  V'..*  «].i..  *>«  -^yamaa/d 
tiMii.  wwi  »b-nv<j  ji>  ;>  Wi^;  *>«  su  'Jn-i'l*  wtut  bsoks  ikall  ba  lalaiaiil  fhwa  lb* 
Libtuy  uf  ^'ub^rcM  u  dveiitc*: !.  imri  -inJut ^.h <:bat]C*.  Tfc«fclUwiagwgalattMHi 
lua  utivudnl  foi  ibv  b«i(«t  iiw-uciwa  ui'  to*  atorwiii  <m4m: 


3.  Mwlivo&l  tibtvtea  buv  b«  (otvimI  bv  lb*  Awiataa*  fiUHWir,  tka  Cfciaf  Ckik, 
or  Mdiataal  is  vbugje,  ui<i  aJhu  t>>  lb«  vuratvn  aad  suliu^t  eoiMuas,  a»4  the  editor. 
Cuntlun  aMt  ooiiiig  vuratvnt  itn  parmittwl,  subjcgt  ui  the  appn>T>I  of  tke  Aaaiatant 
»i(<>;retwy  itt  ali*rK»  "'  tbe  Muaeum,  tu  turn)  aevtiooal  libraries  to  bo  ka^*  i>  tbeir 
TMptH'tive  ulHoes;  but  thia  Bhall  odIj  be  duue  by  wiUtdtawing  ftoai  the gaaeral  eol- 

leot' *"  Nwka  ^  r«ttt(«  vxclnairety  tu  tb*  objecto  oader  their  can.    TTHitiwiai  iw. 

ooxsalai  or  aBf  wacka  othoc  thaa  matt  aa  lalkka  aarfaat^a^  ts  tiM 
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Bpocwl  depurtment,  <Mn  not  form  kpkrt  of  mush  sMotioiiBl  library,  exo«ptaponthe 
rBoaiiiin«nd>tian  of  the  Itbrari&n,  approved  by  the  AMistmnt  Seoretftry. 

i.  The  official  in  charge  of  e»ofa  s«etiODal  Ilbr&r;  shall  b«  rMponaible  for  its  Mife- 
keepiag  and  shall  on  no  aocoimt  lend  the  books. 

S>  Books  in  the  aeetiooal  library  miut  be  retnmed  to  the  central  library  before 
they  can  be  isaned  for  ose  outaido  of  lbs  offloe  or  room  to  which  they  are  accredited. 

6.  The  books  of  each  sectional  library  shall  be  kept  separate  from  all  ottier  books 
in  tfa«  rooms  of  the  official  or  onrator,  in  distinct  eases,  the  looks  of  whioh  shall  be 
eontroUed  by  a  master  key  in  the  hands  of  the  librarian,  irbo  may,  at  stated  times, 
examine  them  and  call  the  attention  of  the  cnraton  to  any  deficiencies. 

T.  No  person  who  is  not  a  member  of  the  soientiflo  BtaO'  of  the  luBlitntion  or 
MoaSDm  shall  withdraw  books  or  other  matter  without  written  permiBsion  f^u  the 
Assistant  Secretary  of  the  Smithsonian  Institution,  the  assistiint  in  charge,  the 
cnrator  In  charge  of  the  Unseam,  or  the  librarian.  Persons  taking  books  from  the 
eentral  library  shall  be  responsible  for  tha  Bafe-keepiog  of  the  same,  and  shall  make 
good  any  Iomsb.  They  shall  not  be  allowed  to  withdnw  other  books  nntil  those 
whioh  are  lost  have  been  restored. 

8.  The  librarian  shall  have  authority  to  decide  what  books  are  aaitable  for  any 
curator's  sectional  library,  and  to  recall  any  book  not  in  a  sectional  library  within 
two  weeks.  Fenoanent  reealls  of  books  from  sectional  libraries  may  be  made,  as 
well  as  temporary  calls.  In  case  of  certain  rare,  oi  costly,  or  encyclopedic  works, 
or  in  other  special  instances,  the  librarian  shall  be  antborizad  to  deeignate  books 
which  shall  in  no  case  be  taken  from  the  library.  These  regnlations  shall  not 
apply  to  any  books  now  actually  in  the  offloe  of  the  editor.  All  books  and  other 
matter  not  in  the  sectional  library  shall  l>e  at  all  times  subject  to  recall  by  the 
librarian - 

9-  The  librarian  will  be  expected  to  exercise  his  discretion  as  to  the  books  to  be 
withdrawn  from  theCongreasionalLlbrary,  but  will  (in  the  absence  of  special  cause 
to  the  contrary)  reoalt  any  book  npon  receiving  a  written  request  for  the  same. 

10.  The  librarian  shall  annually,  or  oftener,  report  to  the  Secretary  any  defective 
series,  any  missing  books,  or  any  new  serials  or  books  which  are  specially  desirable. 

RKaULATIONB   COMCEKNIIfO   RHTRT   AND   ACKNOWLEDOUKNT  OV   BOOKS. 

11.  All  books,  pamphlets,  maps,  and  other  publications  acqnirsd  by  the  Smith- 
aonfan  Institntion  tbrongb  exchange,  or  donation,  oc  parcbase  shall  be  separately 
entered  by  the  librarian,  who  shall  pr^tare  reference  lists,  with  the  aid  of  which  he 
shall,  immediately  upon  their  receipt  from  the  assistant  in  charge  of  office,  divide 
Oiem  into  two  classes;  one  of  which  is  to  be  folly  entered  within  a  day  of  its  receipt, 
the  other  to  be  fnlly  entered  in  any  case  at  some  time  within  the  cnrreot  week. 

13.  It  shall  be  an  invariable  rule  that  snch  a  foil  entry,  to  consist  of  both  a  day- 
book and  a  ledger- aeoonnt  entry,  shall  be  made  within  the  above-specifled  time,  fbr 
every  separate  book,  oc  pamphlet,  or  map,  witbont  exception;  but  it  is  understood 
that  this  ledger  account  may  be  in  the  form  of  a  card  oatalogne. 

13.  Against  every  title  there  shall  be  entered  in  the  daybook  the  letter  "C" 
(Smithsonian  Library  deposited  in  Library  of  Congress),  or  "0"  (Smithsonian 
Library  deposited  with  Surgeon-Oeneral),  or  "1"  <Smithsonian  Library  deposited 
at  the  Institntion).  Books  purchased  at  the  Institution's  cost  and  intended  for  the 
Seeretary's  library,  or  the  office  library,  shall  be  entered  in  a  separate  book,  and  it 
sbaQ  be  tha  duty  of  the  librarian  to  see  that  all  books  of  the  first  class  are  prepared 
for  delivery  to  the  Librarian  of  Congress  within  the  corrent  week. 

11.  The  librarian  shall  notify  the  Biehange  department  within  the  current  week  of 
any  new  correspondent  on  his  books,  and  shall  also  acknowledge  receipt  to  the 
senders  or  donora  of  every  article,  at  stated  times,  at  intervals  of  not  more  than  a 
year,  and  shall  make  a  reoord  of  sneh  entoy  with  the  dale  of  acknowledgment  oppo- 
site to  the  entry  of  the  work  in  qoestion. 
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■i,\   r-    -tiunr  JtiSrniiiaa    n  -fa»  L.fe    tt'  Aqaasie  limaetm.  hj  Prof.   L.  C.  SBkO. 
f-nm   itr  Jmitlii— ii»a  lunMT  :»r  Jftl. ,     '  iftMro  paKpttiM  -tf  16  pa«e«. 

t'l   '"'•    Tu>  tf««Tvnnir  DntnlnniaB  »'  Lib  m  Xortli  .Imerin.  Iiy  C.  B^rt  Itw 
r'mo.  X.   .'-       I'rnM  iw    liaillwiaiM   Ser'wt  tnr   IWL,     'iMsro  pHnpUst  of  51 

y-v.  4^4.    Tt*    'rtT^iD     :«■>  >ittc    rr  .[nkn   R.    -^pHiB,      ,  Pmn  tliB    ■|iiill>wtiii 

VfV  ^'t.  T'li*  i7-uiMi  It"  -\m  "^i^a/iytim~  'tr  B.  T.  San?,     i  Pidid  dm  1iiiillBwiii«B 

Kt   TA.  ^'1  nmarr  it  P'.iH^li-a*   Jx   AiMfanipukig.   hr  iHia  T.   M— n.      i  Fto^  tk* 

Nr.  'TT.  T)m  W-vin-tH  M*  '-liH  WiflMMippi  ?;iilBT.  by  Lncini  Cacr.     ^  Fnus  liie  Smith- 

H,,  «7*.  Th*  n*"  of  r.inc  Kiinbw  at  w<ii*  Pine  W<MHi.  br  G.  V.  i^miliL.     iFram  tte 
p^iihvAiari  K«poTl  tnr  li^.      Orw-i:  l  [I "Hi" 

H^   r/tr    tfM)*M  Af  KiH>T>-.:\fr  Timn  Canwa  Aimm^  dia  Chinos,  hv  D.  J.  Sbgnvaa, 

Kfi.  aai    H  III  wjii  Vf»  ntnffi.  h?  (t  '*^T<iiiiipnn  Ifanftir— i       F^m  rhu  '^iiiitTn— iiii 

H„   sol    R»i(if>   I'MHilfilitif*  if  f-naoMaiif   BniMiy.   b;  <nMii^   LinDoIa  GwmUIo. 
f|.>.li.  M.<.Si-rM.l,«rf,liii»iH«pnrtf<»rl»I.)     Ortms  pomphlrt  of  30  p««W. 

V,.   ii«i    tl'*- ^■»|ll"M^mof  (:inn»D«rw,byGaniiii«S.  Hnbtari.     lFiotb tbeSmith- 
■  .i.Mii  (ii'ioiil  f'lr  IWU  )    Iti-.tiKio  pamphlet  «1  U  f^m. 

u  .   M'"!     ( l«-   (("loni'ti  or  Nntnral  Kninxn  lo  An.  Sj  Dr.  E.  in  Bdis-Batb^mI, 

)     If   It      1 1 M»>  BiiilMi«<inUiiK«7i*»rt(birI>ei.i     Ort«T» famjUrt  rf  21  p«g«^ 

ti  ,   •Kil    |'ii-i'i'"ill<>u>l<r  tl>f>  KflffenU.and  Beport  of  ExBcntiTv  Camnitte«  far  tbo 
(    ,1  l>iii|   IM,  ti.,,t.niM   wHli  \rtA  aT  Cimpnm.     (Tnm  the  »miAamu»a  Stfart  tor 

|i. |..,.i  I i-lili-lof  Wpnunt. 

„      I     1 1,1,    i,t,.\.,. ii.uirni  Wnrk   nf  the  SmithMniin   InstitBtiM.     (Fraa  tha 

I      III,     iiiii<  lli'i<'>i>  li'i  I"'"  >    l>''|.nvnpainphlfit  orSpagw- 

„    ' ,,,„  (ti.lMM  I't  tl."  r"t™"I>".  l>yProf.  C.a  Ilartings.     irraai  tfaclSBiU>- 
i    ,,  f   ,  ,il  l-ii  tuiM  I    |i.'U><>|>itii>lililator  l&pagn. 
,1      ,. ,.,    1 1    ,(  ,„(  .ii  cli-mii"-'!"! 'I'l'""- '■y**''*"^''"'"''*'^'^"-     (f™"  *lw  SmiUi- 
,,    ,     ,1  |.,,   |o,>.i  ,     |i,.Uti>  |-i»l>|>ll1nt<if  aOpagM. 
<i     i.     1  ...1  III    llNt.iiT    i>r  Hi"   VfllowdtoDB  National  Park    and    Sowing 

I       ,1,,   II  ll,„ui.      |l thofiiitthMDlMi  Report  for  1893.)    OcUrop*m- 

,     I    .      I     ,'  ,   111,1. .1  nll-U  I  iluim<. 

'  II     ,1  ,1  y i.r  (ti'i'Uiiiy.  by  O.  K,  Gilbert.     (From  the  Smith- 

,  ,.  ,  ,.,11    ,i..i.,M<  I'-*'")'*)')')  tifll  tHMIt*;  '1)°''^'^ 'i^^^KOie*- 
|.    ,    ii, !>,.., u  >•<    t- 1  HI' I  I'll'   I'mlulaUont.    (Prom  the  SmithMmian 
,     '11,1  |,  ii,i|,liii-ti'l  *>)'■»««'■ 

,  ,    I      ..      .,  t  I  ...biL.itt   tiKviiiih  KxhanslMl  Tnbw,  Without  Eleo- 
I    I ,  t     It  ■>      I '  ■"*"  *'■"  ^MiltluKuiian  Report  for  1892.)    OetaTo 

,1        ,   ,    ,  ,1,1  \i,,.,„no    luttiK'tiiu,  by  Prof.  J.  A.    Ewing, 

,,  I       ,.  .,,   li'|i>t|  IM    t!«k'.t    t,>vtaro  pamplet  uf  13  pagee; 
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Ho.  89T.  CrTstallisatian,  by  O.  D.  LiTeiog,  F.  B.  S.  (From  the  SmithMmUn  Boport 
for  1892.)     Oot»To  pamphlet  of  12  p«gM;  illii8tnt«d  with  7  BgnTca. 

No.  896.  The  BejaTenciMence  ofCryBtoIa,  by  Ptof.  John  W.  Jndd,  F.  B.  8.  (From 
the  Smithaonian  R«port  for  1892.)     OctAvo  pamphlet  of  8  pages. 

No.  899.  Dedactiou  from  the  Gaaeous  Theory  of  Solation,  by  Prof.  Onne  HaaaoD. 
<PnMn  the  BmiUmuian  Beport  foi  1893.)  OoUto  pamphlet  of  13  pagea;  illnatrated 
with  3  fignzea. 

No.  900.  Some  Soggeationa  Begarding  Solntloua,  Liqnlda,  and  Oaaaa,  by  Prof.  Wil- 
liam Batnaey,  F.  B.  8.  (From  the  Smithaoniaa  Beport  for  1893.)  Ootaro  pamphlet 
of  14  pagea ;  illnatrated  with  2  figmea. 

Ho.  901.  Preeent  Problenia  in  EvolntioD  and  Heredity,  by  Henry  FairBeld  Oabora. 
(From  the  Smithaonian  Beport  for  1893.)  OotaTo  pamphlet  of  ^pagea;  illnatrated 
with  13  figures. 

No.  902.  Beport  on  the  UigmtloQ  of  Birda,  by  Prof.  Dr.  J.  A.  Pahnen.  (From  the 
Smithaonifta  Beport  for  1892.)  Octavo  pamphlet  of  22  pagea;  illnstrated  with  1 
plateL 

No.  908.  The  Empire  of  the  Air :  an  OmithologJral  EMay  on  the  Flight  of  Birda, 
by  L.  P.  Mooillard.  (From  the  Smithaonlan  Beport  for  1892.)  Octavo  pamphlet  of 
67  pages;  illnitrsled  with  U  Bj^nres. 

No.  901.  The  Piogreaa  of  Anthropology  in  1892,  by  Prof  OttsT.  Haaon.  (Prom 
the  Smithaonian  Beport  for  1892.)    Octavo  pamphlet  of  48  pagea. 

No.905.  The  Advent  of  Han  in  America,  by  Armand  de  Qaatrebges.  (From  the 
SnuthaoniaD  Beport  for  1892. )    Octavo  pamphlet  of  8  pagea. 

No.  906.  Primitive  Indaatry,  by  Thomaa  Wilaon.  (From  the  Smithsonian  Beport 
for  1893. )     Octavo  pamphlet  of  14  pagea. 

No.  907.  Piehistorio  New  Mexioau  Pottery,  by  Henry  Halea.    (From  the  Smith- 
aonian Report  for  1892.)    Octavo  pamphlet  of  20  pagea;  lilDatrated  with  17  ftgnres. 
No.  908.  Relica  of  an  Indian  Hunting  Ground  in  Tork  Coanty,  Pennsylvania,  by 
Atrena  Wanner.    (From  the  Smitlisonian  Beport  for  1^2.)     Octavo  pamphlet  of 
ISpages;  illnatrated  with  68  flgnrea. 

No.  909.  Aboriginal  Bnrial  Honnda  in  Seneca  Connty,  Ohio,  by  Bnaaell  J.  Thomp- 
son. (From  the  Smithaonian  Beport  for  IS02.)  Octavo  pamphlet  of  5  pagea; 
Ulnstrated  with  4  figniea. 

No.  910.  Indian  Bemaina  on  the  Upper  Yellowatone  River,  by  Col.  William  S. 
Bnehett.  (From  the  Smithsonian  Beport  for  1892. )  Octavo  pamphlet  of  6  page« ; 
iUnsbated  with  3  fignres. 

No.  911.  Primitive  Number  Systema,  by  Levi  L.  Conant.  (From  tbe  Smithaonian 
Report  for  18S2.)    Octavo  pamphlet  of  12  pagea. 

No.  913.  The  Anthropology  of  the  Brain,  by  D.  Eerfoot  Shote,  M.  D.  (From  the 
Smithsonian  Report  for  1893.)    Octavo  pamphlet  of  8  pages. 

No.  914.  Endowment  for  Belentifio  Beeearch  and  Pablication,  by  Addison  Brown. 
(Pnwi  the  Smithsonian  Beport  for  1892.)    Octavo  pamphlet  of  18  pages. 

No.  915.  The  Inventors  of  tbe  Telegraph  and  Telephone,  by  Prof.  Thomas  Gray. 
(From  the  Smithsonian  Report  for  189(2.)    Octavo  pamphlet  of  20  pages. 

No.  916.  Expiorationa  in  Mongolia  and  Thibet,  by  W.  Woodville  Rockbill.  (From 
tbe  Smithsonian  Beport  for  1802.)  Octavo  pamphlet  of  21  pagea ;  illnstrated  with 
USgnres. 

No.  917.  Pn^TWS  of  Astronomy  for  1S9L  and  1892,by  William  C.Wiulock.  (From 
the  Smithaonian  Repent  for  1892.)    Octavo  pamphlet  of  91  pages. 

No.  919.  Pre-colnmbian  Copper  Uining  in  North  America,  by  R.  L.  Packard. 
(From  tbe  Snuthsimian  Beport  for  1892.)    Octavo  pamphlet  of  21  pagea. 

No.  920.  The  Potynesian  Bow,  by  E.  Tregeai.  (Frtmi  the  Smithsonian  Report  for 
1892.)    Octavo  pamphlet  of  5  pagea. 

Ko.921.  Tbe  Birth  of  Invention,  by  Otis  T.  Hawm.  (From  the  Smitbaonian 
K^oit  tat  iSU.)    Octavo  pamphlet  of  9  pages. 
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>'o  932.  Anwrinn  InTeiitioD*  sod  DucorerMB  !□  Hedieino,  Sargei7,  kuil  Pnctiell 
Suiution,  bf  John  S.  Bdlinga,  M.  D.  (Fmtn  the  gmitbAoniui  Beport  for  1893.) 
Oetftro  psmphlct  of  8  pages. 

No.  923.  The  Smithwiiiian  tiutitntion,  BeriMd  StatntM  of  the  United  BUt«a,  1878, 
Title  LXXIII,  with  Ameodineiita  to  March  12,  18M.     OcUto  pamphlet  of  10  pages. 

No.  924.  List  of  Pabliotions  of  the  SmithaoniBii  Inatitiiliaii  forSkle  or  Exchange. 
H*T,  ISM.    Octavo  pamphlet  of  26  page*. 

m,  surrasosiAjt  AxsrAi.RBPOBTs.* 

Xo.  ^iS.  Annoa]  Rpport  of  the  Board  of  Regents  of  the  SmitbaooiaD  Institntitm, 
•buwint:  the  operations,  ripenditnirs.  and  eoadition  of  the  Institntion  to  .Inly,  1891. 
This  Tolanie  contains  the  jniirual  of  Proceedingn  of  the  Board  of  Regents  at  the 
anoDal  meeting;  held  January  2>i.  1891 ;  the  report  of  the  exef  atire  conimitt«e  of  the 
Board  for  the  y«ar;  acts  and  rpsalntioOB  of  I'ongrexa  relative  to  the  Institntion,  and 
therppoKof  theSecTctan  of  theloHtitntion;  coneliiding  with  the  general  appendix, 
in  which  are  given  the  following  papers:  "Ceteetial  spectroscopy, "  by  William 
Haggins;  ''Stellar  nnmben  and  distances.'*  by  A.  M.  Gierke;  "The  sun's  motioa  in 
space,"  liy  A.  M.  Clerke:  ".*  eontliem  observatory,"  by  A.M.  Clerke;  "Applications 
of  physics  and  mathematics  to  geology,'"  by  C.  Chree;  "Origin  of  the  rock  preunre 
ofnatnralgBs.'by  Edn-artl  Orton;  "Geysers,"  by  Walter  Harvey  Weed;  "The  gen- 
eral circnlatton  of  the  atmiisphero,''  by  Wemir  von  Siemens;  "The  Gulf  Stream,"  by 
Alexander  Agassis;  ''AbMlnte  mensarement  of  hardneas,"  by  F.  Anerbacli;  "The 
flowof  solids."  by  William  Halluck;  "Thescientific  workof  G.  S.Ohm,"  by  E.  Lorn- 
mell;  "Antobiographic.il  sketch  of  J.  von  Liebigj"  "Divergent  evolution  through 
cnmalative  segn-gation,"  by  J.  T.  Golick ;  '■  The  etraggle  for  life  in  the  forest,"  by 
James  KiKlway;  "Difficnitiee  of  aquatic  insectfl,"  by  L,  C.  Miall;  "Geographic  dis- 
tribntion  of  mammals,"  by  C.  Hart  Herrinm;  "The  Corbin  game  park,"  by  John  E. 
Spears ;  "  The  home  of  the  troglodytes,"  by  E.  T.  Hamy ;  "  Summary  of  progreM  in 
anthropology  iu  1891,"  by  O.  T.  Maaon;  "The  monnds  of  the  MiaaisBippi  Valley,"  by 
LncienCnrr;  "  The  nse  of  flint  blades  to  work  pine  wood,"  by  G.  V.  Smith  ;  "Time- 
keeping among  the  Chinese,"  by  D.  J.  Magowan;  "Kav^o  dye-staffa,"  by  WashiDg- 
ton  Matthews;  "Some  possibilities  of  economic  botsny,"  by  George  L.  Goodnle; 
"The  evolution  of  commerce,'  by  Gardner  Hubbard ;  "  The  relation  of  natural  science 
to  art,"  by  E.  do  Bois-lieymoud;  the  whole  forming  an  octavo  volume  of  sliii+715 
pages;  illnstrated  with  36  figures  in  the  text  and  1  plate. 

No.  N53.  Report  of  the  United  States  National  Hiiseuni.    Annual  Report  of  the 

Board  of  Regents  of  the  .imitlisonian  Institntion,  for  the  year  ending  Juue  30,  1891. 

hw  volnme  comprises  five  sections:  I.  "Report  of  the  Asaistant  Secretary  of  the 

emitlisoman  Institntion,  G.  Hrnwn  Goode,  in  charge  of  the  National  Museum,  upon 

Na*ti'""'l   «*""  ""^  P">Bi««  of  the  Museum."    II.  "Ropotto  of  the  rmators  of  the 

describi  ■"  "I""*    ^^^    progresa    of    work  daring  the  year."     IU.   Papers 

Musenni"^"'"''""^''^''*'"^"*'"'^'^*'''"''''  '■''»  Museum:   "The  genesia  of  the  National 

Kilimn-Ni        ^^'  ^'  ^''"'"'  Goo'Ie;  " F.tlinological  collections  in  the  Museum  f>om 

r-— .  '/rica,"  by  Dr.  W.  L.  Abbott;  "The  Bemadoii,  Allen,  and  Jouy 

I  the  Muwum,"  by  Walter  Hough;  "Shinto,  or  the  mythology 

Romyn  Hitchcock;  "The  ancient  burial  moiimls  of  Japan,"  by 

'Some  ancient  relics  in  Japan,"  by  Romyn  Hitchcock;  "Pre- 

ictureof  the  North  of  Europe,"  by  George  H.  Boohmer;   "First 

DlasNificatiou  for  the  World's  Columbian  Exposition,"  by  Dr.  G. 

'  Bibliography  of  publiciitions  by  tiie  Museum,  and  of  papers 

um,  during  the  year."    V.  "  Lint  of  accessions  to  tfeo  Maeenm 

'  General  Appendix  of  the  Annual  Reports  are  also  iMoed  sepa- 
and  are  noted  nadei  "HiHellauBona  Colleotiona." 
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during  the  jenr."     Tbe  whole  forms  an  octavo  Tolome  of  zvii  -f  8GS  pogM;  illiu- 
lrsl«d  with  154  figares  io  the  text  and  84  plat«a. 

No.  885.  Aiinnal  Beport  of  the  Board  of  RegeDts  of  the  Smithaonian  Institution, 
ibowing  the  operations,  expenditures,  and  condition  of  tlie  Institution  to  Jul;,  ltt93. 
This  rolume  contains  tlie  journal  of  I'luceedintn  of  the  Board  of  Regents,  at  a 
special  meeting  held  October  21,  1891,  at  the  annual  meeting  held  January  27,  1892, 
and  at  a  special  meeting  held  March  29,  1692;  tlie  report  of  the  eiecntive  couDittee 
of  the  Bounl  for  tbeyuar;  acts  and  resolntioosof  Cod  gross  relative  to  tbe  Institution; 
and  the  report  of  the  Secretary  of  the  Institution;  concluding  with  tbe  geueral 
appendix,  in  which  are  given  tlie  following  papers:  "Meteorological  work  of  the 
Smithsonian  Institution;"  "Tbe  history  of  the  telescope,"  by  C.  S.  Hastings; 
''Geological  change  Qud  time,"  by  Sir  Archibald  Geike;  "Geological  history  of  the 
Yellowstone  National  Park,"  by  Arnold  Hague ;  "  Soaping  geysers,"  by  Arnold  Hague; 
"Continental  problems  of  geoloj;y,"  by  G.  K.  Gilbert;  "  Pre-columhian  copper  min- 
ing in  North  America,"  by  K.L. Packard;  "The Polynesian  bow,"  by  E.Tregeat; 
"Hertz's  experiments;"  "The  discharge  of  electricity  tbroagh  aihansted  tnbe« 
withoot  electrodes,"  by  J.  J.  Thomson ;  "  Molecular  process  in  magnetic  indnctiun,"bf 
J.  A.  Ewing;  ''Crystallization,"  by  G.  D.  Livelng;  "Rejavenescenceof  crystals,"  by 
JohnW.Judd;  "Dednction  from  the  gaseons  theoryof  solutions,"  by  OrmeMnsaoD; 
"^Suggestions  regarding  sotntions,"  by  William  Ramsay;  "Liquids  and  gases,"  by 
William  Ramsay;  "Present  problems  inevolntion  and  heredity,"  by  H.  F.  Osbom; 
"Report  OD  the  migration  of  birds,"  by  J.  A.  Palmer;  "The  empire  of  tbe  air,"  by 
L. P. Hooillard ;  "ProgTessof  anthropology  in  1892,"  by  O.T.  Mason;  "The advent 
of  man  in  America."  I)y  A.  deQuntrefages;  "Primitive  industry,"  by  Thomas  Wilson; 
"Prehistoric  New  Mexican  pottery,"  by  Henry  Hales;  "  Relics  of  an  Indian  hunt- 
ing gronod,"  by  Atreus  Wanner;  "Aboriginal  burial  moands  in  Ohio,"  by  R.J. 
Thompson;  "Indian  remains  on  tbe  Upper  Vellowstune,"  by  William  S.  Brachett; 
"Primitive  uamber  systems,"  by  Levi  P.  Cooant;  "Anthropology  of  tbe  brain,"  by 
D.  Kerfoot  Shute;  "The  birth  of  invention,"  by  OtieT.Uuson;  "American  inven- 
tions and  discoveries  in  medicine,  surgery,  and  practical  suuitation,"  by  John  S. 
Billings;  "Endowment  for  scientific  research  and  publication,"  by  Addison  Brown ; 
"  The  inventors  of  the  telegraph  and  telephone,"  by  Thomas  Gray ;  "  Explorations 
in  Mongolia  and  Thibet,"  by  W.  W.  Rockhiil ;  "Progrensof  astrvmony  for  1891  and 
1892,"  by  William  C.Winlock;  thewbole  forming  an  octavo  volume  of  xlix -|- Stl 
pages;  illnatrated  with  183  figures. 

No.  886.  Report  ol  the  United  States  National  Hnseum.  Annual  Report  of  the 
Board  of  Regents  of  the  Smithsonian  Institution  for  the  year  ending  June  30,  1892. 
This  volume  comprises  fite  sections:  I.  "Report  of  the  Assistant  Secretary  of  tbe 
Smithsonian  lustitnCiou,  G.  Brown  Goods,  in  charge  of  the  National  Museum,  upon 
the  condition  and  progreus  of  the  Museum  for  the  year."  II.  "Reports  of  tbe  curators 
of  the  National  Museum  upon  the  progress  of  work  during  tbe  year."  III.  Papers 
describing  and  illustrating  collections  in  tbe  Mnseuin :  "  Japanese  wood-ciittlng  and 
-  woodcut  printing,"  communicated  by  Mr.  T.  Tokuno,  and  edited  by  S.  R.  Kochler; 
"  ITie  relation  of  biology  to  geological  investigation,"  by  Dr.  Charles  A.  White;  "Scien- 
tific taxidermy  for  museums,  hosed  on  a  study  of  the  United  States  Covemment  col- 
lection," by  Dr.  R.  W.Shufeldt;  "Tbeshofar,  its  Qse  and  origin,"  by  Dr,  Cyrus  Adler; 
"The  Crump  burial  cave,"  by  Frank  Bums;  "Minute  stone  implements  from  India," 
by  Thomas  Wilson ;  "Comparative  oology  of  North  American  birds,"by  Dr.  R.  W.  Shn- 
fetdt.  IV.  "  Ribliograpby  of  publications  by  tbe  Museum,  and  of  papers  relating  to 
the  Mnsenm  during  the  year."  V.  "  LEat  of  accessions  to  tbe  Museum  during  the 
year."  The  whole  forms  an  octavo  volume  of  xv-f620  pages;  illustrated  with  S 
fignree  in  the  text  and  103  plates. 

No.  918.  BepOTtnfS.  P.  Lnngley,  Secretary  of  the  Smithsonian  Institution,  for  the 
year  ending  Jnne  30,  IH93,  to  the  Board  of  Resents  of  the  Institution.  Octavo 
pamphlet  of  iil-f  70  pages;  illnstratod  with  2  plates. 


uy  Google 


88  REPORT  OF  THE  SECRETART. 

IV.— EKPORTB  OF  THB  BUREAU  OP  KTHNOLOOY, 

No,  856.  Eighth  Annnal  Report  uf  the  Bnrean  of  Ethuology  to  tbe  SecreUnr  of 
the  SmithaonlftD  InatitntioD,  1886-81,  by  J.  W.  Powell,  Director.  This  volome  coii- 
taiiu  the  report  of  the  Director,  together  with  accompBiifiiig  paperB,  to  wit:  "A 
itndy  of  Pueblo  tttohiteotore,  Tusayan  and  Cibola,"  by  Victor  Hindeleff;  "  Cer«. 
moDial  of  Haajelti  Dailjia  and  mythioal  aaud  painting  of  the  Nftv^joe  iDdiuu,  by 
Junea  Stevrason.  A  royal-octavo  volume  of  zxxTi  ■+■  298  pages;  illastrated  with 
118  figures  in  the  text  and  123  plates,  of  which  12  ore  ohromolithogTftpha. 

No.  857.  NintbAnDual  Report  of  the  Bnreaa  of  Ethnology  to  the  Secretary  of  the 
Bmithsonian  ItutitatloD,  1887-88,  by  J.  W.  Powell,  Director.  This  Tolnine  contaiua 
the  reportof  the  Director,  together  with  accompanying  papers,  to  wit:  "  Ethnologi- 
cal results  of  the  Point  Barrow  expedition,"  by  John  Unrdock;  "The  medleina 
DMii  of  the  Apaohes,"  by  John  Q.  Bonrlie.  A  royal-octavo  volume  of  xlvi  -|-  G17 
pages;  illDstrated  with  i48  figures  in  the  text  and  8  plates,  6  of  which  are  ohi«iD»- 
lithogcapha. 

No.  966.  Tenth  Annaal  Report  of  the  Bnrean  of  Ethnology  to  the  Secretary  of  the 
Smithsonian  Institntion,  1888-89,  by  J.  W.  Powell,  Director.  This  volume  oontaina 
the  report  of  the  Director,  together  with  a  very  oompceheiiBive  paper  on  "  Pictnre 
writing  of  the  North  American  Indians,"  by  Garrick  Mallery;  a  royal-octavo  volnine 
of  XXX  +  822  pages;  illustrated  with  1,290  figures  in  the  text  and  54  platea. 

Other  publications  of  the  National  Mutenm  and  of  the  Burean  of  Ethnology  ftre 
eniunerated  in  the  reports  on  those  braucbes  of  the  Institution. 
Very  respeotfully, 

Wm.  B.  Tavloh,  A'dJtor. 

Ur.  8.  P.  Lanolet, 

Seoreiarg  of  tie  Smilktonian  InitHutUm. 
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ADVERTISEMENT. 


The  object  of  the  General  Appendix  to  the  Annual  Report  of  the 
SmitbHonian  Institotioii  is  to  furui»h  brief  accounts  of  scientittc  discov- 
ery in  particalar  directions;  reports  of  investigations  made  by  collab- 
orators of  the  Institution;  and  memoirs  of  a  general  character  or  on 
special  topics  that  are  of  interest  or  value  to  tlie  numerous  correspond- 
ents of  the  Institution. 

It  has  been  a  prominent  object  of  the  Board  of  Regents  of  the  Smith- 
sonian Institution,  from  a  very  early  date,  to  eitricli  the  annual  report 
re<|aired  of  tliem  by  law  with  memoirs  illustrating  the  more  remarka- 
ble and  important  developments  in  physical  and  biological  discovery, 
as  well  as  showing  the  general  character  of  the  ojteratioua  of  the  Insti- 
tution; and  this  purpose  has,  during  the  greater  part  of  its  history, 
been  carried  out  largely  by  the  publication  of  such  papers  as  would 
[tossess  ail  interest  to  all  attracted  by  scientific  progress. 

In  ISSO  the  Secretary,  induced  in  part  by  the  discontinuance  of 
an  annnnl  summary  of  progress  which  for  thirty  years  previous  had 
been  issued  by  well-known  private  publishing  firms,  had  prepared  by 
competent  collaborators  a  series  of  abstrjicts,  showing  concisely  the 
prominent  features  of  recent  scientific  progress  in  astronomy,  geology, 
meteorologj',  physics,  chemistry,  mineralogy,  botany,  zoology,  and 
anthropology.  TliiH  latter  plan  was  contiimed,  though  not  altogether 
satisfactorily,  down  to  and  Including  the  year  1S88. 

In  the  reitort  for  1889  a  return  was  made  to  the  earlier  method  of 
presenting  a  miscellaneons  selection  of  pa]>ers  (some  of  them  original) 
embracing  a  considerable  range  of  scientific  investigation  and  discus- 
sion.    This  method  has  been  continued  in  the  present  reiiort,  for  1894. 
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ON  THE  MAGNITUDE  OF  THE   SOLAR  SYSTEM.' 


By  WiLLI&H   HARKNB8S. 


Nature  may  be  studied  in  twu  widely  different  ways.  On  tbe  one 
hand  we  may  employ  a  {mwerful  tnicroBcope  wbich  will  render  visible 
tlie  minntest  forma  and  limit  onr  field  of  vtevr  to  an  ioflnitesimal  frac- 
tion of  an  inch  situated  within  a  foot  of  our  own  noses;  or,  on  the  other 
hand,  we  may  occupy  some  commiinding  position,  and  from  thence, 
aided  perhaps  by  a  tele6coi>e,  we  may  obtain  a  comprehensive  view  of 
an  extenaive  regton.  The  first  method  is  that  of  the  specialist,  the 
second  is  that  of  the  philosopher,  but  both  are  necessary  for  an  ade- 
quate understanding  of  nature.  The  one  has  brought  us  knowledge 
wherewith  to  defend  ourselves  against  bat^tcria  and  microbes,  which 
are  among  the  most  deadly  enemies  of  mankind,  and  the  other  has  made 
us  acquainted  with  the  great  laws  of  matter  and  force  upon  wbich  re&ts 
tbe  whole  fabric  of  science.  All  nature  is  one,  but  for  convenience  of 
classification  we  have  divided  our  knowledge  into  a  number  of  sciences 
which  we  usually  regard  as  qnite  distinct  from  each  other.  Along  cer- 
tain lines,  or,  more  properly,  in  certain  regions,  these  sciences  neces- 
sarily abut  on  each  other,  and  jnst  there  lies  the  weakness  of  the 
specialist.  He  is  like  a  wayfarer  who  always  finds  obstacles  in  cross- 
ing the  boundaries  between  two  countries,  while  to  the  traveler  who 
gazes  over  them  from  a  commanding  eminence  the  cane  is  quite  differ- 
ent If  the  boniidary  is  an  ocean  shore,  there  is  no  mistaking  it;  if  a 
broad  river  or  a  chain  of  mountains,  it  is  still  distinct;  but  if  only  a 
hne  of  iwsts  traced  over  hill  and  dale,  then  it  becomes  lost  in  the 
natural  features  of  tbe  landscape,  and  the  essential  unity  of  the  whole 
region  is  apparent.  In  that  case  tbe  border  laud  is  wholly  a  human 
conception  of  which  nature  takes  no  cognizance,  and  so  it  is  with  the 
Bcientiflc  border  land  to  which  I  propose  to  invite  your  attention  this 
evening. 

To  tiie  popular  mind  there  are  up  two  sciences  farther  apart  than 
astronomy  and  geology.    Tbe  one  treats  of  the  structure  and  mineral 

'  PrMidentiAl  addreM  delivered  before  the  Americao  AsHociaticm  for  tbe  Advauce- 
mint  of  Bcienoe,  at  iteBrooklpi  meeting,  Angust  16, 1894.  Printed  in  Astiouoiiiy  and 
AMro-Phyaioa,  Vol.  XIII,  No.  8;  also  in  Aaerioaa  Journal  of  Scienoe,  Vol.  XL VIII, 
Septunibel,  18M.  L.OU'''lc 
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constitatiou  v(  onr  earth,  the  •;aiifleit  of  its  pbjtiii.-al  features  and  its 
history,  while  the  other  treats  of  the  celestial  bodies,  their  maguitudea, 
motionii,  distance-s  periods  of  rerolntion.  eclii>se.'<,  order,  and  of  the 
caoseA  of  their  rarioas  pbeuomeua.  Aud  jet,  maDy,  perhaps  I  may 
even  say  most,  of  the  apparent  motions  of  the  heavenly  bodies  are 
merely  rvUeetious  of  the  motions  of  the  earth,  and  in  studying  them 
we  are  really  studying  it.  Furthermore,  precession,  nutation,  and  the 
phenomena  of  the  tide-*  depend  largely  upon  the  internal  structure  of 
the  earth,  aud  there  astronomy  and  geology  merge  into  each  other. 
Severtbeless,  the  metlnHls  of  the  two  seiences  are  widely  different, 
most  astronomical  problems  being  disco-sseil  qoantitatively  by  means 
of  rigid  mathematical  formoLt,  while  in  the  vast  majority  of  cases  the 
geological  ones  are  discussed  only  qmihtatively,  each  author  contenting 
himself  with  a  merestat^ment  of  what  he  thinks.  With  precise  data 
the  methods  of  astronomy  lead  to  very  e^iact  results,  for  matbcmntics 
is  a  mill  which  grinds  exceeding  line;  but,  after  all,  what  comes  out  of 
a  mill  depends  wholly  upon  what  is  put  into  it,  and  if  the  data  are 
uncertain,  as  is  the  cas*'  in  most  cosmological  pntblems,  there  is  little 
to  choose  between  the  muthematics  of  the  astronomer  aud  the  guesses 
of  the  geologist. 

If  we  examine  the  addresses  delivered  by  former  presidents  of  this 
association,  and  of  the  sister — perhaps  it  would  be  nearer  the  truth  to 
say  the  parent — association  on  the  other  side  of  the  Atlantic,  we  shall 
find  that  they  have  generally  dealt  either  with  the  recent  advances 
in  some  broad  field  of  science,  or  else  with  the  development  of  some 
special  subjeet.  This  evening  I  propose  to  adopt  tlie  latter  course,  and 
I  shall  invite  your  attention  to  the  present  condition  of  our  knowledge 
respecting  the  magnitude  of  the  solar  system;  hut  in  so  doing  it  will  be 
necessary  to  intn)duce  some  considerations  derived  from  laboratory 
experiments  upon  the  luminiferous  ether,  others  derived  from  exi>cri- 
ments  upon  jwnderable  matter,  and  still  others  relating  both  to  the 
surAice  phenomena  and  to  the  internal  structure  of  the  earth,  and  thus 
we  shall  deal  largely  with  the  border  land  where  astronomy,  physics, 
and  geology  merge  into  each  other. 

The  relative  distances  of  the  various  bodies  which  coniimne  the  solar 
system  can  be  determined  to  a  considerable  degree  of  approximation 
with  very  crude  instruments  as  soon  as  the  true  plan  of  the  systeui 
becomes  known,  atid  that  plan  was  taught  by  Pythagoras  more  tlian 
five  hundred  years  before  Christ.  It  must  have  been  known  to  the 
Egyptians  and  Chaldeans  atill  earlier,  if  Pythagonis  really  acquired 
his  knowledge  of  astronomy  from  the'm,  as  is  affirmed  by  some  of  the 
ancient  writers,  but  on  tliat  point  there  is  no  certainty.  In  public 
Pythagoras  seemingly  accepte*!  the  current  belief  of  his  time,  which 
mailtt  the  earth  the  center  of  the  universe,  but  to  his  own  chosen  disci- 
ples he  c-omnuiniralcd  tlie  true  doctrine  that  the  sun  occupies  the  center 
o*'  **"  aniar  system  and  that  the  earth  is  only  one  of  the  planets  revolv- 
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ing  around  it.  Like  all  the  world's  greatest  aages,  lie  aeenis  to  liave 
taagbtouly  orally.  Aceiituryplapsedlieloreliisdoctriues  were  reduced 
to  writiug  by  Pliilolaus  of  Crotoua,  and  it  was  still  later  before  they 
were  taught  in  public  for  the  first  time  by  1 1  icetas,  or  as  lie  is  sometimes 
called  Nicetas,  of  Syracuse.  Then  the  familiar  cry  of  impiety  was 
misecl,  and  the  Pythagorean  system  was  eventiinlly  suppressed  by  that 
uow  cidled  the  Ptolemaic,  which  held  the  field  until  it  was  overthrown 
by  <Jo[>eriiieu8  almost  two  thousand  years  later.  Pliny  tells  ua  that 
Pythagoras  believed  the  distances  to  the  snn  and  moon  to  be,  res|>ec- 
tively,  253,000  and  12,600  stadia,  or,  taking  the  sta<lium  at  OLT)  feet, 
::!>,837  and  1,492  English  miles;  but  there  is  no  record  of  the  methuil 
by  which  these  numbers  were  ascertained. 

After  the  relative  distances  of  the  various  planet-B  are  known,  it  only 
remains  to  determine  the  scale  of  the  system,  for  which  purjiose  the 
distance  between  any  two  planets  suffices.  Wc  know  little  about  the 
early  history  of  the  subject,  but  it  is  clear  th:it  the  primitive  astrono- 
mers must  have  found  the  quantities  to  be  measured  too  small  for 
detection  with  their  instruments,  and  even  in  modern  times  the  prob- 
lem has  proved  to  be  an  extremely  dtltieult  one.  Aristarchus,  of 
Samos,  who  flourished  aboiit  270  B.  0.,  seems  to  have  been  the  first  to 
attack  it  in  a  scieutitic  maimer.  Stated  in  modern  language,  his  rea- 
soning was  that  when  the  moon  is  exactly  half  full  the  earth  and 
sun,  as  seen  front  its  center,  must  make  a  right  angle  with  each  other, 
and  by  measuring  the  angle  between  the  sun  and  moon,  as  seen  from 
the  earth  at  that  instant,  all  the  angles  nf  the  triangle  joining  the 
earth,  sun,  and  moon  would  become  known,  and  thus  the  ratio  of  the 
distance  of  the  sun  to  the  distance  uf  the  moon  would  be  determined. 
Altbongh  j«rfectly  correct  in  theory,  the  difficulty  of  deciding  visually 
upon  the  exact  instance  when  the  moon  is  half  full  is  so  great  that  it 
can  not  be  accurately  done,  even  with  the  nmst  i>owerful  telescopes. 
Of  course  Aristarchus  had  no  telescope,  and  he  does  not  explain  how 
he  effecteil  the  observation,  but  his  conclusion  was  that  at  the  instant 
Id  question  the  distance  between  the  centers  of  the  sun  and  moon  as 
seen  from  the  earth  is  less  than  a  right  angle  by  one-thirtieth  part 
of  the  same.  We  should  now  expiess  this  by  saying  that  the  angle  is 
87°,  but  Aristarchus  knew  nothing  of  trigonometry,  and  in  order  to 
solve  his  triangle  he  had  recourse  to  an  ingenious,  but  long  and  cum- 
bersome, geometrical  process,  which  has  come  down  to  us,  and  aflbrtls 
conclusive  proof  of  the  condition  of  Greek  mathematics  at  that  time. 
His  conclusion  was  that  the  sun  is  nineteen  times  farther  from  the  earth 
than  the  moon,  and  if  we  combine  that  result  with  the  mwlern  value  of 
the  moon's  parallax,  viz,  3,422.38",  we  obtain  for  the  solar  jiarallax 
180",  which  is  more  than  twenty  times  too  great. 

The  only  other  methoil  of  ileteroiiniug  the  solar  parallax  known  to 
the  ancients  was  that  devised  by  HipiiarchuM  about  ir>0  B.  C,  It  was 
based  on  measuring  the  rate  of  decrease  of  the  diameter  of  the  earth's 
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-tbaalnw  .-anr  tr  iMmni:  ;tje  •InraCiuB  ot'  limar  aeiipaaft. and  am  the  raenlt 
iloriiu'ni  t^>n  ii  jwiicium:  tai  be  uenrly  tlie  imr  w*  thaE  fcond  by  Ari&- 
ttui-nuK.  -Mit>AtiUin^Ir  Liia  vulne  of  che  parallax  rrmarnril  in  Togae  for 
aaarty  ^wo  rluHuaoti  "(^aR*.  and  dui  diacavei'y  of  the  teleaeope  was 
ipqnimd  HI  :«^>^  :tB  "imneoaft  nhmrattBr.  DovbdeaH  thin  p^rsuteocy 
waK  <t>te  :o  rtue  <-xavnw  uuDDtunedB  of  die  one  piucailax.  irhk-fa  we  dow 
kimw  u*  ^'tu*  '"«  ^■Ball  q>  uav«  been  viiuble  opua  the  aiteiat  iostm- 
awntt*.  Mill  tliiiK  :be  -wppinimi  innimiTr  i  uf  it  won  raUj  BoCbing  bat 
neatuireM  Dt'  ctieir  LiUM.tranu.-y. 

TliK  CflfflHipe  iruM  disc  [Miinisd  Q>  the  baavena  by  Galileo  in  16U9,  bat 
it  i)«eittHl  a  mii-njOHKi-r  tn  i-OBvert  it  incu  ;ui  aeearace  meaanring  instm- 
nwnr.  muI  rluu  itiit  3<ir  i-uoie  inik)  being  anal  It£m,  wbco  it  was  invented 
by  William  < iuttc<>i:m*>.  AAia  Lis  lieaSli.  in  ItiU^  his  <Kiginal  instm- 
ment-  poHiwd  CD  Uit^Uanl  Tnwaky.  wbu  atxauhed  it  Q>  a  I4-faoC  telescope 
at  htH  rt^nlRntre  in  Titwuiey.  f-ainanhire.  Kne<and.  where  it  was  used 
by  FlaaiHriH^  in  oiist^viii^  die  dionuU  parallax  o(  Man  dorinif  its 
Appot<ici'>n  in  1(>~2.  A  de^tcnpn^a  of  Uuseoigne's  mienMiwt^  was  pab- 
lish*^  in  tbe  PUilomipuiiskl  TransaL'tiuna  in  ISttT,  and  a  httle  before 
tliat  a  .^imiUr  iii^rraiD«nt  bad  b«en  invented  by  Aa2aat,  in  Franee,  bot 
ni/V!rvAUiTi*tM  wt^re  Iew«r  tbea  than  now.  and.  ao  &r  as  1  know,  J.  D. 
f'.iUMini  WM  tlie  only  ii«rMtu  beside  Flamateed  who  attempted  to  deter- 
nuiie  thf,  M>lar  parallax  from  chat  oppoMttun  of  Mara.  Fmreaeeing  tbe 
rnipfirtftncA  nf  tb«  opportanicy.  he  had  Bieher  du^Mtebed  to  Cayenne 
Mtm*:  monthit  previoii.-«ly.  acid  when  the  uppwiitioD  eaaw  he  edeeted  two 
fM^rminarion:4  of  tbe  parallax;  one  being  by  the  dionial  method,  from 
liix  own  olKtf^rvationd  in  Paris,  aud  the  other  by  the  meridiaD  method, 
from  otMerratioiis  in  Frante  by  bim:jeU^  Bumw,  and  Picard,  combined 
with  ttiotte  of  iiitrher  at  Cayenne.  This  was  the  transition  from  tbe 
Mii('i<!iit,  iiiHtrnmfeiiU  witb  open  sights  to  teledcopes  armed  with  microm- 
fitcm,  and  the  reHrilt  moMt  have  been  little  short  of  stnniiiDg  to  tUe 
M'VciitfKtiith  r>5nt(iry  antruiiomers,  for  it  caoaed  tbe  boaiy  and  gigantic 
imnilliix  of  about  IHO"  to  shrink  incontiaently  to  lU",  and  thus  es- 
|»iiiid<il  their  coiii-^ptioD  of  tbe  solar  system  to  something  like  its  true 
illiixtimloiiN.  More  than  fifty  years  previously  Kepler  bad  argued  from 
bin  hIdiM  or  tbe  <^,1estial  hfirmonies  that  tbe  solar  parallax  could  not 
iixi'iu-d  tW",  iukI  a  little  later  Horrocks  had  shown  on  more  scientific 
KIoiiikIh  tbiit  It  wiiH  probably  us  email  aa  14";  but  tbe  final  death  blow 
t,o  till*  iiiirlitiit  vn)ii<*N — ranging  as  high  as  2'  or  3' — came  from  these 
oliNorviiMonn  of  Miirn  by  Kliiiiisteed,  (Jassini,  and  Richer. 

(ir  iioiirn"  Mm  ninnltN  obtained  in  1072  produced  a  keen  desire  on  tbe 
piirr  ol'  UMtroiioMHtrH  for  I'urtber  evidence  respecting  tbe  true  value  of 
l.bi>  pai'iillax,  aiul  iw  Marn  comes  iuto  a  favorable  position  for  such 
III  vent  Igitl  loun  only  at  hibTTiilx  of  about  sixteeu  years,  they  bad  recourse 
Id  obw'rviilioiiN  of  Mi'tN'ury  and  Vellu^  In  1077  Halley  observed  tbe 
diuruiU  paralhtx  of  Moicui-y,  uud  also  a  transit  of  that  planet  across 
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tbe  HDD's  diaik,  at  St.  Helena,  and  in  1681  J.  D.  Casaiai  and  Picard 
observed  Venns  when  she  was  on  the  same  parallel  with  the  snn,  bnt 
although  the  observationB  of  Venns  gave  better  results  than  those  of 
Mercniy,  neither  of  them  was  conclasive,  and  we  now  know  that  nnch 
methods  are  inacciirate  even  with  the  powerfbl  instruments  of  the  pres- 
ent day.  yevertbelesa  Halley's  attempt  by  means  of  the  transit  of 
Hercary  oltimately  bore  fhiit  in  the  shape  of  his  celebrated  paper  of 
1716,  wher«n  he  showed  the  pecnliar  advantages  of  transits  of  Venus 
for  determining  the  solar  parallax.  The  idea  of  utilizing  such  tran- 
Bits  for  this  purpose  seems  to  have  been  vaguely  conceived  by  Jamea 
Gregory,  or  perhaps  even  by  Horrocks,  but  Halley  was  the  first  to 
work  it  oat  completely,  and  long  after  bis  death  his  paper  was  mainly 
instrumental  in  inducing  the  Oovemments  of  Europe  to  undertake  the 
observations  of  the  transits  of  Venus  in  1761  and  1769,  fh>m  which  our 
first  accurate  knowledge  of  the  sun's  distance  was  obtained. 

Those  who  are  not  ^miliar  with  practical  astronomy  may  wonder 
why  the  solar  parallax  can  be  got  from  Hars  and  Venns,  but  not  from 
Idervnry  or  the  gun  itself.  The  explanation  depends  upon  two  facts. 
Firstly,  the  nearest  approach  of  these  bodies  to  tbe  earth  is  for  Hars 
33,874,000  miles,  for  Venns  23,654,000  miles,  for  Mercury  47,935,000 
mOes,  and  for  the  son  91,239,000  miles.  Consequently,  for  us  Mars  and 
Venns  have  very  mnch  larger  parallaxes  than  Mercury  or  the  snn,  and 
of  conrae  the  larger  the  pu^lax  tbe  easier  it  is  to  measure.  Secondly, 
even  the  largest  of  these  parallaxes  mast  be  determined  within  far  less 
than  one-tenth  of  a  second  of  the  truth,  and  while  that  degree  of  accu- 
racy is  possible  in  measuring  short  arcs,  it  is  quite  unattainable  in  long 
ones.  Hence,  one  of  the  most  essential  conditions  for  the  successful 
measurement  of  parallaxes  is  that  we  shall  be  able  to  compare  the 
place  of  the  near  body  with  that  of  a  more  distant  one  situated  in  the 
same  region  of  the  sky.  In  the  case  of  Mars  that  can  always  be  done 
by  making  use  of  a  neighboring  star,  but  when  Venus  is  near  the  earth 
she  is  also  so  close  to  tiie  snn  that  stars  are  not  available,  and  conse- 
qnently  her  parallax  can  be  satisfactorily  measured  only  when  her 
position  can  be  accurately  referred  to  that  of  the  snn,  or,  in  other  words, 
only  daring  her  transits  across  the  sun's  disk.  Bnt  even  when  the  two 
bodies  to  be  compared  are  sufficiently  near  each  other,  we  are  still 
embarraased  by  the  fact  that  it  is  more  difficult  to  measure  the  dis- 
tance between  tbe  limb  of  a  planet  and  a  star  or  tbe  limb  of  the  sun 
than  it  is  to  measure  the  distance  between  two  stars,  and  since  the  dis- 
covery of  so  many  asteroids  that  circumstance  has  led  to  their  use 
for  the  detenniuatioD  of  the  solar  parallax.  Some  of  these  bodies 
approach  within  75,230,000  miles  of  the  earth's  orbit,  and  as  they  look 
precisely  like  stars,  the  increased  accuracy  of  pointing  on  them  fblly 
makes  up  for  their  greater  distance  as  compared  with  Mars  or  Venns. 

After  the  Oopernican  system  of  the  world  and  the  Newtonian  theory 
of  gravitation  were  accepted  it  soon  became  evident  that  trigotMUnet- 
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lical  meaflnrements  of  tbe  solar  paraDas  Bugfat  be  sapplemeoted  by 
(Ictcmii nations  baxed  on  tbe  tbeory  of  graviutioo.  and  tbe  first  attempts 
ill  that  direction  were  made  by  Maehin  in  1729  and  T.  Mayer  id  1753. 
Tlie  nicasureiiient  of  tbe  velocity  of  light  between  points  on  tbe  earth's 
giirfave,  firxt  effect«d  by  Fizean  in  1849,  opoMd  ap  rttU  other  imssibili 
tit-H,  and  tbas  for  determining  the  solar  paiaDax  we  hare  at  oar  com- 
nitiiid  no  le»t4  than  tbreu  entirely  di^nct  claanen  of  methods,  which  are 
knnwii  I'OHjiec lively  as  the  trigoDomeuical,  the  ^rravitatioiial,  and  tbe 
plidto-tacliy metrical.  We  bare  already  gireo  a  summary  sketch  of 
MiK  trigonometrical  methods  as  applied  by  the  ancioit  astronomers 
(ci  tlui  dicliototiiy  aud  shadow  cone  of  tbe  moon,  and  by  the  modems  to 
\'«iiUH,  Miirs,  and  the  asteroids,  and  we  shall  next  ^aoce  briefly  at  the 
(Ci'ivvitiitioiiul  and  iiboto-tacby metrical  methods. 

Tlu<  gravilatioiial  resnlts  which  enter  directly  or  indirectly  into  the 
mihiv  imnilliix  are  six  in  number,  to  wit:  Firstjtbe  relation  of  the  moon's 
niiiHH  to  the  tideHj  second,  the  relation  of  the  moon's  mass  and  parallax 
to  tlic  l'nn;c  of  gravity  at  tbe  earth's  sorface;  third,  tbe  relation  of  tbe 
ixiliir  ]iiinittnx  to  the  masses  of  the  earth  and  moon;  fourth,  the  rela- 
tion of  the  Holar  and  lunar  parallaxes  to  the  moon's  mass  and  parallac- 
tic InoiimUity;  Hfth,  the  relation  of  the  solar  and  lunar  parallaxes  to 
t  lit)  iniHin'a  tnuHs  and  the  earth's  lunar  inequality ;  sixth,  tbe  relation  of 
Die  i'4>iiHluiit(«  of  nutation  and  precession  to  tbe  moon's  parallax. 

|{t>H|ic('tiiig  lliu  llr»t  of  these  relations  it  is  to  be  remarked  that  the 

tlilo  |irodiiciiig  run-es  arc  tbe  attractions  of  the  son  aud  mooo  upon  the 

watM«  of  l.l»!  <H'('an,  and  from  the  ratio  of  these  attractions  the  moon's 

iiiiiHH  can  rcuilily  Im  determined.     But  unfortunately  the  ratio  of  the 

Miliir  lliii'H  to  tli<t  liiiini'  tides  is  afle^^'ted  both  by  the  depth  of  the  sea 

mid  by  llitMliarmtcr  of  tlie  channels  through  which  the  water  flows, 

mill  lor  Hull.  rcaHim  tho  nhiwrved  ratio  of  these  tides  requires  multipli- 

fill  Inn  liy  a  I'lirrrcling  t'lu^tof  in  order  to  convert  it  into  the  ratioof  the 

liii'irM.     'I'liv  niiillcr  Ih  further  complicated  by  this  correcting  factor 

varyInK  IVinii  |i<>i't  t^i  jHirt.,  and  in  order  to  get  satisfactory  results  long 

w'lli'B  III'  iiIinitviiIIdiim  arc  nwessary.    The  labor  of  deriving  the  moon's 

iniiHx  In  MiIh  way  wikt  formerly  so  great  that  for  more  than  half  a  cen 

liny  liajiIikcc'H  ilctcrniinatiiin  from  the  tides  at  Brest  remained  unique; 

liiit  Mm  rc<'i<iiL  niiiilication  of  harmonic  analysis  to  the  data  supplied 

by  Hi'iri'i'KlHli-ihig  tide  gauges  is  likely  to  yield  abundant  results  In 

lli»ii<'iu'hitii]'<>. 

Our  Honiiiil  gvavitifctional  relation,  viz,  that  connecting  tbe  moon's 

ty  at  the  earth's  surfiice, 

the  moon's  parallax  with 

arefnlly  made,  aud  with  a 

the  data  are  exceedingly 

Id  be  done  witb  a  railroad 

■s,  a  steel  tape,  and  a  fairly 

.ue  to  the  flattening  of  the 
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earth,  the  ceDtrifagal  force  at  its  snrfiice,  the  ecceutricity  of  its  orbit 
aod  the  mass  of  the  moon,  the  law  of  gravttatiou  bIiows  that  if  we 
icnitiplf  together  the  leogth  of  the  aecoodx  peiidalam,  the  square  of 
the  radios  of  the  earth,  aud  the  square  of  the  leugth  of  the  sidereal 
mouth,  divide  the  product  by  four,  and  take  the  cube  root  of  the  quo- 
tient, the  result  will  be  the  distauce  from  the  earth  to  the  moon.  To 
liud  the  length  of  the  secondH  peudahim  we  would  rate  the  watch  by 
meaus  of  the  railroad  transit,  and  then  making  a  pendulum  out  of  a 
sphencal  leaden  bullet  suspended  by  a  fine  thread,  we  would  adjust  the 
length  of  the  thread  uutil  the  pendulum  made  exactly  three  hundred 
vibrations  in  Qve  minutes  by  the  watch.  Then,  supposing  the  ex[teri- 
ment  to  be  made  here  or  in  New  York  City,  we  would  find  that  the 
distance  from  the  point  of  Busjiension  of  the  thread  to  the  center  of  the 
bullet  was  about  39J  inches,  and  dividing  that  by  the  number  of  inches 
in  a  mile,  viz,  63,360,  we  would  have  for  the  length  of  the  seconds  ])en- 
dulum  one  sixteen  hundred  and  twentieth  of  a  mile.  The  next  step 
would  be  to  a^ertain  the  radius  of  the  earth,  and  the  quickest  way 
of  doing  so  would  probably  be,  JirsC,  to  determine  the  latitude  of  some 
\>oiut  in  New  York  City  by  means  of  the  railroad  transit;  next  to  run 
a  traverse  survey  along  the  old  post-road  from  New  York  to  Alhany, 
and  finally  to  determine  the  latitude  of  some  point  in  Albany.  The 
traverse  survey  should  surely  be  correct  to  one  part  in  three  hundred, 
and  as  the  distance  between  the  two  cities  is  about  2°  the  different^ 
of  latitude  might  be  determined  to  about  the  same  percentage  of 
accuracy.  In  that  way  we  would  find  the  length  of  2°  of  latitude  to 
be  about  138  mites,  whence  the  earth's  radius  would  be  3,953  miles.  It 
would  then  only  remain  to  observe  the  time  occupied  by  the  moon  in 
making  a  sidereal  revolution  around  the  earth,  or,  iu  other  words,  the 
time  which  shooccnpies  in  moving  from  any  given  star  back  to  the  same 
star  again.  By  noting  that  to  within  oue-qmirter  of  ber  own  diameter 
ve  would  soon  find  that  the  time  of  revolution  is  about  27.32  days,  and 
mnltiplying  that  by  the  number  of  seconds  in  a  day,  viz,  86,400,  we 
would  have  for  the  length  of  the  sidereal  mouth  2,360,000  seconds. 
With  these  data  the  computation  would  stand  as  follows:  The  radius 
of  the  earth,  3,953  miles,  multiplied  by  the  length  of  a  sidereal  month, 
2,360,000  seconds,  and  the  product  squared  gives  87,060,000,000,000,- 
000,000.  Multiplying  that  by  one- fourth  of  the  length  of  the  seconds 
pendulum,  vis,  one  sixty-four  hundred  and  eightieth  of  a  mile,  and 
extracting  the  cube  root  of  the  product,  we  would  get  237,700  miles 
for  the  distance  from  the  earth  to  the  moon,  which  is  only  about  850 
miles  less  than  the  truth,  and  certainly  a  remarkable  result  consider- 
ing the  cmdeness  of  the  instrumenta  by  which  it  might  be  obtained. 
Nevertheless,  when  all  the  conditions  are  rigorously  taken  into  account 
these  data  are  to  be  regarded  as  determining  tlie  relation  between  the 
moon's  maes  and  parallax,  rather  than  the  parallax  itself. 
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Our  third  graTitational  relation,  to  wit,  that  existiiig  betveeo  the 
solar  parallax,  the  solar  attractive  force,  aud  the  masses  of  tbe  earth 
and  moon,  is  analogous  to  the  relation  ezistiog  betweui  the  moon't 
mass  and  parallax  and  tbe  force  of  gravity  at  the  earth's  snrfiaeef  bui 
itcan  not  be  applied  in  exactly  the  same  way  on  accomitof  oorinabilitj 
to  swing  a  pendulum  on  the  sun.  We  are  therefore  compelled  to  adopi 
some  other  method  of  determining  the  sun's  attractive  force,  and  th( 
most  available  is  that  which  consists  in  observing  the  perturbativc 
action  of  the  earth  aud  moon  upon  onr  nearest  planetary  neigblvors— 
Venus  and  Mars.  From  this  action  the  law  of  gravitation  enables  tu 
to  determine  the  ratio  of  the  Bun's  mass  to  the  combined  masses  of  the 
earth  and  moon,  and  then  the  relation  in  question  fumisbes  a  means  ol 
comparing  the  masses  so  found  with  trigonometrical  determinations  ol 
the  solar  parallax.  Thus  it  appears  that  notwithstanding  necessary 
differences  in  tbe  methods  of  procedure,  the  analogy  between  tbe  sec- 
ond and  third  gravitational  relations  holds  not  only  with  respect  to 
their  theoretical  basis,  but  also  in  their  practical  application,  tbe  one 
being  osed  to  determine  the  relation  between  the  mass  of  the  moon  and 
it«  distancse  ftom  the  earth,  and  tbe  other  to  determine  the  relation 
between  the  combined  masses  of  the  earth  and  moon  and  their  distance 
f^m  tbe  sun. 

Onr  fonrth  gravitational  relation  deals  with  the  connection  between 
the  solar  parallax,  tbe  lunar  parallax,  the  moon's  mass,  and  the  moon's 
parallactic  inequality.     The  important  quantities  are  here  tbe  solar 
parallax  uid  the  moon's  parallactic  inequality,  and  although  the  deriva- 
tion of  tbe  complete  expression  for  the  counection  between  them  is  a 
little  complicated,  there  is  no  difficulty  in  getting  a  general  notion  of 
the  forces  involved.    As  tbe  moon  moves  around  the  earth  she  is  alter- 
nately without  and  within  the  earth's  orbit.    Whwi  she  is  wJtboat,  the 
sun's  attraction  on  her  acto  with  that  of  the  earth ;  when  she  is  within, 
the  two  attractions  act  in  opposite  directions.    Thus  in  effect  tbe  cen- 
tripetal force  holding  tbe  moon  to  the  eartb  is  alternately  increased  aud 
diminished,  with  the  result  of  elongating  the  moon's  orbit  toward  tbe 
sun  and  compressing  it  on  the  opposite  side.    As  tbe  variation  of  tbe 
centripetal  force  is  not  great,  the  change  of.  form  of  the  orbit  is  small; 
nevertheless,  tbe  summation  of  the  minute  alterations  thereby  produced  ; 
in  the  moou's  orbital  velocity  suffices  to  put  her  sometimes  ahead  and 
sometimes  behind  her  mean  place  to  an  extent  which  oscillates  from  a 
maximum  to  a  minimom,  as  the  earth  passes  from  perihelion  te  aphelion, 
aud  averages  about  135"  of  arc.    This  pertnrbation  of  the  moon  is 
known  as  tbe  parallactic  inequality,  because  it  depends  on  the  earth's 
distance  from  tbe  snn,  and  can  therefore  be  expressed  in  terms  of  tbe 
solar  parallax.     Conversely,  the  solar  parallax  can  be  deduced  Irom  tbe 
observed  value  of  the  parallactic  inequality,  but  unfortunately  there 
are  great  practical  difficulties  in  making  the  requisite  observations  with 
a  sufficient  degree  of  accuracy.    Notwithstanding  tbe  ever-recurrin; 
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balk  about  the  advaDtages  to  be  obtained  by  observing  a  Hinall,  vell- 
deflned  crater  instead  of  the  moon's  limb,  astronomerB  have  hitherto 
ronnd  it  impracticable  to  use  anything  but  the  limb,  and  the  disadvan- 
tage of  doing  BO,  as  compared  with  obserriDg  a  star,  is  still  further 
increased  by  the  circamstance  that  in  general  only  one  limb  can  be  seen 
at  a  time,  the  other  being  shroaded  in  darkness.  If  both  limbs  conld 
always  be  observed  we  should  then  have  a  aniform  system  of  data  for 
determining  the  place  of  tbe  center,  bnt  onder  existing  circnmstancee 
we  are  compelled  to  make  our  observations  half  upon  one  limb  and  half 
Dpon  the  other,  and  thus  they  involve  all  the  systematic  errors  which 
may  ariae  fW>m  the  conditions  nnder  which  these  limbs  are  observed,  and 
all  tfae  ancertainty  which  attaches  to  irradiation,  personal  equation, 
and  OQT  defective  knowledge  of  the  moon's  semidiameter. 

Oiir  fifth  gravitational  relation  is  that  which  exists  between  the  solfu* 
parallax,  the  lanar  parallax,  the  moon'R  mass,  and  the  earth's  Innar  ine- 
qnality.  Strictly  speaking  the  moon  does  not  revolve  aronnd  the  earth's 
center,  bnt  both  bodies  revolve  aronnd  the  common  center  of  gravity 
of  tbe  two.  In  consequence  of  that  an  Irregularity  arises  in  the  earth's 
orbital  velocity  around  the  snn,  the  common  center  of  gravity  moving 
in  accordance  with  the  laws  of  elliptic  motaon,  while  tbe  earth,  on 
account  of  its  revolution  around  that  center,  undergoes  an  alternate 
acceleration  and  retardation  which  has  for  its  period  a  lunar  month, 
and  is  called  the  lunar  inequality  of  the  earth's  motion.  We  perceive 
this  inequality  as  an  oscillation  supenKtsed  on  tbe  elliptic  motion  of 
the  Bun,  and  its  semiamplitade  is  the  measure  of  the  angle  subtended 
at  the  sun  by  the  interval  between  the  center  of  the  earth  and  the 
common  center  of  gravity  of  the  earth  and  moon.  Just  as  an  astron- 
omer on  the  moon  might  use  tbe  radios  of  her  orbit  aronnd  the  earth 
as  a  base  for  measuring  her  distance  from  the  sun,  so  we  may  use  this 
interval  for  the  same  purpose.  We  find  ita  length  in  miles  from  the 
equatorial  semidiameter  of  tbe  earth,  the  moon's  parallax,  and  the 
moon's  mass,  and  thus  we  have  all  the  data  for  determining  the  solar 
parallax  from  the  inequality  in  question.  In  view  of  the  great  diffi- 
culty which  has  been  experienced  in  measuring  the  solar  parallax  itself, 
it  may  be  asked.  Why  we  should  attempt  to  deal  with  the  parallactic 
inequality,  which  is  about  26  per  cent  smaller!  Tbe  answer  is,  Because 
the  latter  is  derived  from  differences  of  tbe  sun's  right  ascension, 
which  are  furnished  by  tbe  principal  observatories  in  vast  numbers, 
and  should  give  very  accurate  results  on  account  of  their  being  made 
by  methods  which  insure  freedom  from  constant  errors.  Nevertheless, 
the  sun  is  not  so  well  adapted  for  precise  observations  as  the  stars, 
and  Dr.  Oill  has  recently  found  that  beliometer  measurements  apon 
anteroids  which  approach  very  near  to  the  earth  yield  values  of  the 
parallactic  inequality  superior  to  those  obtained  from  right  aHcenaions 
of  the  sun. 

Our  sixth  gravitational  relation  is  tbat  which  exists  between  the 
moon's  parallax  and  the  constaots  of  precession  and  nutation.    ISvery 
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particle  of  the  earth  is  attracted  both  by  the  son  and  by  the  inoon,bnt 
in  conseqaeuce  al'  the  polar  flatteDiog  the  resoltant  of  these  attractioiH 
passes  a  little  to  oqe  aide  of  the  earth's  center  of  gravity.  Thas  a 
couple  is  set  up,  which,  by  its  action  upon  the  rotating  earth,  canaeB 
the  axis  thereof  to  describe  a  sorfoce  which  may  be  called  a  fluted  cone, 
with  its  apex  at  the  earth's  center.  A  top  spinning  with  its  aiJs 
inclined  describes  a  similar  cone,  except  that  the  flutings  are  absent 
and  the  apex  is  at  the  point  upon  which  the  spinning  occnrs.  Forcon- 
veuieuce  of  computation  we  resolve  this  action  into  two  oomponente, 
and  we  name  that  which  produces  the  cone  the  Inni-solar  precessiw, 
and  tliat  which  produces  the  flutings  the  nutation.  In  this  phenomenoa 
tlie  part  played  by  the  sun  is  comparatively  small,  and  by  eliminating 
it  we  obtain  a  relation  between  the  Innl-solar  precession,  the  uutation, 
and  the  moon's  parallax  which  can  be  used  to  verify  and  correct  the 
obHcrved  values  of  these  quantities. 

In  the  preceding  paragraph  we  have  seen  that  the  relation  between 
the  quantities  there  considered  depends  largely  npou  the  flattening  of 
the  earth,  and  thus  we  are  led  to  inquire  bow  and  with  what  degree 
of  accuracy  that  is  determined.  There  are  five  methods — viz,  one  ge»  I 
detic,  one  gravitational,  and  three  astronomical.  The  geodetic  method  < 
depends  upon  measurements  of  the  length  of  a  degree  on  various  parte  . 
of  the  earth's  surface;  and  with  the  data  hitherto  accumulated  it  bae  ' 
proved  iiaite  unsatisfactory.  The  gravitational  method  consists  in 
determining  the  length  of  the  seconds  pendulum  over  as  great  a  range  I 
of  latitude  as  possible,  and  deducing  therefrom  the  ratio  of  tlie  earth's 
I>olar  and  equatorial  semidiameters  by  means  of  Clairaut's  tbeor^D. 
The  pendulum  experiments  show  that  the  earth's  crust  is  less  dense  on 
monntitin  plateaus  than  at  the  seacoast,  and  tlins  for  the  first  time  we 
are  brought  into  contact  with  geological  consideratious.  The  first 
astronomical  method  consists  in  observing  the  moon's  parallax  from 
various  points  on  the  earth's  surface;  and  as  these  parallaxes  are  noth- 
ing elst>  than  the  angular  semidiameter  of  the  earth  at  the  resiiective 
pointtt.  as  swu  from  the  moon,  tbey  afford  a  direct  measure  of  the  flatr 
(i>niiig.  The  st>coud  aud  third  astronomical  methods  are  based  upon 
ti'i'tniii  iH'itnrbiitiona  of  the  moon  which  depend  upon  the  figure  of  the 
oiiHh.  Dud  shonUI  give  extremely  accurate  rt'sults;  but  unfortunately 
\)>i'\  gi-i>t)l  diltlciiltics  opiNise  themselves  to  the  exact  measurement  of 
1ht>  iHM-tiii'liiilion.t.  There  is  also  an  astronomico-geological  method 
« liu'h  \'H\\  not  .vi't  Ih>  n-gardwl  a-s  conclusive  on  account  of  our  lack  of 
Kiii>wli'd):«>  iv.)«»i-ting  the  law  of  density  which  prevails  tn  the  interior 
it|  ihi>  I'ovlh.  It  i.'4  ltii.«iHl  n)Mm  the  fact  that  a  certain  function  of  the 
i>iiMli'»  moim'iitsufnH'vtia  i-au  Ive  determined  from  the  observed  values 
III  thii  I'lii'lllvh'ittn  iif  pityvssion  and  nutation,  and  could  also  be  deter- 
tiiltit'it  t\i*iH  ibi»  UtiHiv  and  dimensions  of  theearth  if  we  knew  the  exact 
ill-.nilnmi*u  «>t  W'dlw  In  its  interior.  Oor  present  knowledge  on  that 
Mtiltl>'i'i  I*  )iti«ttiM  to  a  MHtwvAcial  )«.vern«t  mora  tbaa  10  miles  thick, 
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bnt  it  ia  usual  to  asHnme  that  the  deeper  matter  is  distribated,  accord- 
ing to  Ijagrange's  lav,  and  then  by  writing  the  function  in  qnestion  in  a 
ronn  which  leaves  the  flattening  indeterminate,  and  eqnating  the  expres- 
sion 8o  found  to  the  valne  given  by  the  precession  and  nntatinn,  we 
readily  obtain  the  flattening.  As  yet  these  methods  do  not  give  con- 
sistent resales,  and  so  long  as  serions  discrepancies  remain  between 
them  there  can  be  no  secnrity  that  we  have  arrived  at  the  truth. 

It  shonid  be  remarked  that  in  order  to  compute  the  fiinction  of  the 
earth's  moments  of  inertia  which  we  have  jast  been  connidcriug,  we 
require  not  only  the  figure  and  dimensions  of  the  earth  and  the  law  of 
distribution  of  density  in  its  Interior,  bnt  also  ite  mean  and  surface 
densities.  The  experimeDts  for  determining  the  mean  density  have 
consisted  in  comparing  the  earth's  attraction  with  the  attraction  cither 
of  a  moontain  or  of  a  known  thickness  of  the  earth's  crust  or  of  a 
known  mass  of  metal.  In  the  case  of  mountains  the  couii>arison8  have 
been  made  with  plumb  hues  and  peudnlumH;  in  the  case  of  known 
layers  of  the  earth's  crust  they  have  been  made  by  swinging  pendu- 
lums at  the  surface  and  down  in  mines;  and  in  the  case  of  known 
masses  of  metal  they  have  been  made  with  tersion  balances,  fine  chem- 
ical baJauces,  and  pendulums.  The  surface  density  results  from  a  study 
of  the  materisls  composing  the  earth's  crust,  but  notwithstanding  the 
apparent  simplicity  of  that  process  it  is  doubtful  if  we  have  yet 
attained  as  accurate  a  result  as  in  the  case  of  the  mean  deusity. 

Before  quitting  this  part  of  oar  subject  it  is  important  to  point  out 
that  the  luni-solar  precession  can  not  be  directly  observed,  but  must  be 
derived  from  the  general  precession.  The  former  of  these  qualities 
depends  only  upon  the  action  of  the  snn  and  moon,  while  the  latter  is 
affected  in  addition  by  the  action  of  all  the  planets,  and  to  ascertain 
what  that  is  we  must  determine  their  masses.  The  methods  of  doing 
so  fall  into  two  great  classes,  according  as  the  planets  dealt  with  have 
or  have  not  satellites.  The  most  favorable  case  is  that  in  which  one  or 
more  satellites  are  present,  because  the  mass  of  the  primary  follows 
immediately  from  their  distances  and  revolution  times;  but  even  then 
there  is  a  difficulty  in  the  way  of  obtaining  very  exat^t  results.  By 
extending  the  observations  over  sufficiently  long  perif>d8  the  revolution 
times  may  be  ascertained  with  any  desired  degree  of  accuracy;  but  all 
measnremente  of  the  distance  of  a  satellite  from  its  primary  are 
affected  by  personal  equation,  which  we  can  not  be  sure  of  completely 
eliminating,  and  thus  a  considerable  margin  of  uncertainty  is  brought 
into  the  masses.  In  the  cases  of  Mercury  and  Venus,  which  have  no 
satellites,  and  to  a  certain  extent  in  the  case  of  the  earth  also,  the  only 
Available  way  of  ascerteining  the  masses  is  from  the  perturbations 
produced  by  the  action  of  the  various  planets  on  each  other.  These 
perturbations  are  of  two  kinds,  jieriodic  and  secular.  When  sufficient 
data  have  been  accumulated  for  the  exact  determination  of  the  secular 
P^urbations  they  will  ^ve  the  best  results,  but  as  yet  it  remains 
advEHttageons  to  employ  the  i>eriodic  perturbations  alpo;.,    i,,  QqoqIc 
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PassiDg  DOW  to  the  photo-tachTmetrical  methods,  we  bare  first  to 
glance  briefly  at  the  tnecbaiiical  appliances  by  which  the  tremeadoos 
velocity  of  light  has  been  successfally  measured.  They  are  of  the  sim- 
plest possible  character,  and  are  based  either  npon  a  toothed  wheel  or 
apoD  a  revoWing  mirror. 

The  toothed-wheel  method  was  first  ased  by  Fizeaa,  in  1849.  To 
understand  its  operatioti,  imagine  a  guo  barrel  with  a  toothed  wheel 
revolying  at  right  angles  to  its  mnzzle  in  such  a  way  that  the  barrel  is 
alternately  closed  and  opened  as  the  teeth  and  the  spaces  between  them 
pass  before  it.  Then,  with  the  wheel  in  rapid  motion,  at  the  instant 
when  a  space  is  opposite  the  muzzle  let  a  ball  be  fired.  It  will  pass  ont 
freely,  and  after  traversing  a  certain  distance  let  it  strike  an  elastic 
cushion  and  be  reflected  back  apon  itsownpath.  When  it  reaches  the 
wheel,  if  it  hits  a  space  it  will  return  into  the  gnn  barrel,  but  if  it  hits 
a  tooth  it  will  be  stopped.  Examining  the  matter  a  little  more  closely 
we  see  that,  as  the  ball  requires  a  certain  time  to  go  and  return,  if 
during  that  time  the  wheel  moves  tbrongh  an  odd  multiple  of  the  angle 
between  a  space  and  a  tooth  the  ball  will  be  slopped,  while  if  it  moves 
through  an  even  mnltiple  of  that  angle  the  ball  will  retnm  into  the 
barrel.  Now  imagine  the  gati  barrel,  the  ball,  and  the  elastic  cnshioa  to 
be  replaced,  respectively,  by  a  telescope,  a  light  wave,  and  a  mirror. 
Then  if  the  wheel  moved  at  such  a  speed  that  the  returning  light  wave 
struck  against  the  tooth  following  the  space  through  which  it  issaed,  to 
an  eye  looking  into  the  telescope  all  would  be  darkness.  If  the  wheel 
moved  a  little  f^ter  and  the  returning  light  wave  passed  through  the 
space  succeeding  that  throughwhich  it  issued,  the  eye  at  the  telescope 
wonid  perceive  a  flash  of  light,  and  if  the  speed  was  continuously 
increased  a  continual  succession  of  eclipses  and  illnmiuatioDB  would 
follow  each  other  according  aa  the  returning  light  was  stopped  against 
a  tooth  or  passed  through  a  space  farther  and  farther  behind  that 
through  which  it  issued.  Under  these  conditions  the  time  occupied  by 
the  light  in  traversing  the  space  fixtm  the  wheel  to  the  mirror  and  back 
again  would  evidently  be  the  same  as  the  time  required  by  the  wheel 
to  revolve  through  the  angle  between  the  space  through  which  the  light 
issued  and  that  through  which  it  returned,  and  thus  the  .velocity  of 
light  woultl  become  known  teom  the  distance  between  the  telescope  aud 
the  mirror,  together  with  the  speed  of  the  wheel.  Of  course  the  longw 
the  distance  traversed  and  the  greator  the  velocity  of  the  wheel  the 
more  accurate  would  be  the  result. 

The  revolving-mirror  method  was  first  used  by  Foncault  in  1862. 
Conceive  the  toothed  wheel  of  Fizean's  apparatus  to  be  replaced  by  a 
mirror  attached  to  a  vertical  axis  and  capable  of  being  put  into  rapid 
rotation.  Then  it  will  be  i>ossible  so  to  arrange  the  apparatus  that 
light  issuing  f^om  the  tele:H»pe  shall  strike  the  movable  mirror  aud  be 
reflected  to  the  distant  mirror,  whence  it  will  be  returned  to  the  mov- 
able mirror  again,  and  being  throwu  back  into  the  telescope  will  appear 
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ad  a  star  ia  the  center  of  the  field  of  view.  That  adjtistment  being 
made,  if  the  mirror  were  canaed  to  revolve  at  a  speed  of  some  huDdred 
tOTDs  per  Becond  it  woald  move  throngh  an  appreciable  angle  while  the 
light  was  passing  from  it  to  the  distant  mirror  and  back  again,  and  in 
accordance  with  the  laws  of  reflection,  the  star  in  the  field  of  the  tele- 
scope would  move  from  the  center  by  twice  the  angle  through  which 
the  mirror  had  tamed.  Thns  the  deviation  of  the  star  from  the  center 
of  the  field  would  measure  the  angle  through  which  the  mirror  turned 
daring  the  time  oocnpied  by  light  in  passiag  twice  over  the  interval 
between  the  fixed  and  revolviog  mirrors,  and  from  the  magnitude  of 
that  angle,  together  with  the  known  speed  of  the  mirror,  the  velocity 
of  the  light  could  be  calculated. 

Iq  applying  either  of  these  methods  the  resulting  velocity  is  that  of 
light  when  traversing  the  earth's  atmosphere,  but  what  we  want  is  its 
velocity  in  space,  which  we  suppose  to  be  destitate  of  ponderable 
material,  and  in  order  to  obtain  that  the  velocity  in  the  atmosphere 
mast  be  mnltiplied  by  the  refractive  index  of  air.  The  correct  velooity 
HO  obtained  can  then  be  need  to  find  the  solar  parallax,  either  from  the 
time  required  by  light  to  traverse  the  semidlameter  of  the  earth's  orbit, 
or  from  the  ratio  of  the  velocity  of  light  to  the  orbital  velocity  of  the 
earth. 

Any  periodic  correction  which  occnrs  in  computing  the  place  of  a 
heavenly  body  or  the  time  of  a  celestial  pbenomenon  is  called  by 
asbttnomers  an  equation,  and  as  the  time  required  by  light  to  traverse 
the  semidiameter  of  the  earth's  orbit  first  presented  itself  in  the  guise  of 
a  correction  to  the  computed  times  of  the  eclipses  of  Jupiter's  satellites, 
it  has  received  the  name  of  the  light  equation.  The  earth's  orbit  being 
interior  to  that  of  Jupiter,  and  both  having  the  sou  for  their  center,  it 
is  evident  that  the  distances  between  the  two  planets  must  vary  from 
the  sum  to  the  difference  of  the  radii  of  their  respective  orbits,  and  the 
time  required  by  Ught  to  travel  from  one  planet  to  the  other  must  vary 
proportionately.  Consequently,  if  the  observed  times  of  the  eclipses 
of  Jupit^s  satellites  are  compared  with  the  times  computed  upon  the 
assumption  that  the  two  planets  are  always  separated  by  their  mean 
distance,  it  will  be  found  that  the  eclipses  occur  too  early  when  the 
earth  is  at  less  than  its  mean  distance  from  Jupiter,  and  too  late  when 
it  is  farther  off,  and  from  large  numbers  of  such  observations  the  value 
of  the  light  equation  has  been  deduced. 

The  combination  of  the  motion  of  light  through  our  atmosphere  with 
the  orbital  motion  of  the  earth  gives  rise  to  the  annoal  aberration,  all 
the  phases  of  which  are  computed  from  its  maximum  value,  commonly 
called  the  constant  of  aberration.  There  is  also  a  diurual  ai>erratioa 
due  to  the  rotation  of  the  earth  on  its  axis,  but  that  is  quite  small  and 
does  not  concern  us  this  evening.  When  aberration  was  discovered 
tliQ  corpuscular  theory  of  light  was  in  vogue,  and  it  offered  a  charm- 
ingly simple  explaoatiou  of  the  whole  phenomenon.    The  hypothetical 
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±rft  BMd  br  Fucao,  in  1849.  To 
a  pma  bMiU  with  a  Umtbed  wheel 
nx  3  iBch  a  waf  that  the  barrel  is 
*  aco.  aoii  t^  ipaeea  between  them 
tsfiMl  Boiion.  at  the  instaot 
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made,  if  ty^^  "^  center  of  the  field  of  view.    Tlurt  adjiucaieat  being 

torDS  vvt  Bfc^^'^''^^'^  vaased  to  revolve  «t  a  speed  of  »ame  bsMlrad 

i(irbt  va«  Q^  ,  **  it  would  move  throagli  ao  appreciable  aofde  vtaile  tbe 

oL-cordaQcQ  ^-^^  ttom  it  to  the  distant  minor  and  back  again,  awl  in 

afOpe  v^Qld  '^  *'^^  ^^^  *^^  reflectioD,  tbe  star  in  tbe  Add  of  tbe  tdeK 

he  loiffot  \,^^^  ^™  **  centw  by  twiee  the  angle  tktmigli  wkidi 

^  /  tbe  field  tt    '^'"^ed.    Tbos  the  deviation  of  tbe  star  from  the  eeater 

A  rioi  (he  t'""'^  measure  tbe  angle  through  whidi  tbe  mirror  tonMvl 

*«»«*"  the  ft  *  'xscnpied  by  light  in  passing  twice  over  Ibe  interval 

''^'^^  ^ogj.  .    '^  And  revolving  mirrora.  and  from  tbe  Magnitodcof 

'^'^L-lieht         *'**^  ^^  '1>®  known  mptxd  of  tbe  minor,  tbe  velocity 

of  i^Zy^  ^  calculated. 

In  ^^eD  t  ^  ^'^^'^^  "^  ^^^^  methods  tbe  mnlting  velority  i*  that  of 
tight  ^^\^  -^  '^^erBiiig  the  earth's  atmoepbere,  bat  vliat  «e  want  is  its 
rtjodtj^^)  ^i,(]^**^  which  we  sappoee  to  be  destttnie  of  poodcraUe 
mtm^^[^pltiM-  "'^"^  *°  obtain  that  tbe  velocity  in  the  atMMphtfe 
muA'b^ ^^  f^a  ^  l*ythe  refractive  index  of  air.  Tbe  eorrect  vetoeity 
m  fia\ai.t^ jfQ^  l  ^^^  ^  owd  to  find  the  solar  parallax,  eiibcv  from  the 
timemii^A  ^^  "^''^  to  traverse  tbe  •emidiamctct' of  tbe  earth's  orbit, 
orftwn  tt^      '^^  ***"  tl>«  Telocity  of  light  to  tbe  orbital  vclociiy  of  the 

kaj  mmodi'^  o»WTocti<m  which  occurs  in  eoapating  the  plaee  of  a 
besvenlv  ta<^y  or  the  time  of  a  celestial   pbenomcBoa  is  called  by 
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light  corpuscles  impinging  upon  the  earth  were  thought  to  behave  pre- 
cisely like  tlie  drops  In  a  shower  of  rain,  and  yoa  all  know  that  their 
apparent  direction  is  affected  by  any  motion  on  the  part  of  the  obserrer. 
In  a  calm  day,  when  the  drops  are  foiling  perpendicalarly,  a  man  stand- 
ing still  holds  his  nmbrella  directly  over  his  head,  but  as  soon  as  he 
begins  to  move  forward  he  inclines  his  umbrella  in  the  same  direction, 
and  the  more  rapidly  he  moves  the  greater  must  be  its  incliuatioti  io 
order  to  meet  the  descending  shower.  Similarly,  the  apparent  direc- 
tion of  oncoming  light  corpu^icles  would  be  affected  by  the  orbital 
motion  of  the  earth,  so  that  in  effect  it  would  always  be  the  resultant 
arising  from  combining  the  motion  of  the  light  with  a  motion  equal  and 
opposite  to  that  of  the  earth.  But  since  the  falsity  of  tbe  corpuscalar 
theory  has  been  proved  that  explanation  is  no  longer  tenable,  aud  as 
yet  we  have  not  been  able  to  replace  it  with  anything  equally  satis- 
factory based  on  the  now  universally  accepted  andulatory  theory.  Id 
aecordance  with  the  latter  theory  we  must  conceive  the  earth  as  plow- 
ing its  way  through  the  ether,  and  the  point  which  has  hitherto  baffled 
US  is  whether  or  not  in  so  doing  it  produces  any  disturbance  of  the  ether 
which  aff'ects  the  aberratioD.  In  our  present  ignoraniie  on  that  point 
we  can  only  say  that  the  aberration  constant  is  certainly  very  nearly 
equal  to  the  ratio  of  the  earth's  orbital  velocity  to  the  velocity  of  light, 
but  we  can  not  affirm  that  it  is  rigorously  so. 

The  luminiferons  ether  was  invented  to  account  for  the  phenomena 
of  light,  and  for  two  hundred  years  it  was  not  suspected  of  having  any- 
other  function.  The  emission  theory  postulated  only  the  corpuscles 
which  constitute  light  itself,  but  the  undulatory  theory  HUs  all  space 
with  an  imponderable  substance  possessing  properties  even  more 
remarkable  than  those  of  ordinary  matter,  and  to  some  of  the  acntest 
intellects  the  magnitnde  of  this  idea  has  proved  an  almost  insuperable 
objection  against  tbe  whole  theory.  So  late  as  iS62  Sir  David  Brews- 
ter, who  had  gained  a  world-wide  reputation  by  his  optical  researches, 
expressed  himself  as  staggered  by  the  notion  of  filling  all  space  with 
some  substance  merely  to  enable  a  little  twinkling  star  to  send  its 
light  to  us;  but  not  long  after  Clerk  Maxwell  removed  that  difficulty 
by  a  discovery  coextensive  with  the  undulatory  theory  itself.  Since 
1845,  when  Faraday  first  performed  his  celebrated  experimen  t  of  mag- 
netizing a  ray  of  light,  the  idea^that  electricity  is  a  phenomenon  of  the 
ether  bad  been  steadily  growing,  until  at  last  Maxwell  perceived  that 
if  such  were  the  fact  the  rate  of  propagation  of  an  electro-magnetic 
wave  must  be  the  same  as  the  velocity  of  light.  At  that  time  no  one 
knew  how  to  generate  such  waves,  but  Maxwell's  theory  showed  him 
that  their  velocity  must  be  equal  to  the  number  of  electric  units  of 
quantity  in  the  electro- magnet  unit,  and  careful  experiments  soon  proved 
that  that  is  tiie  velocity  of  light.  Thus  it  was  put  almost  beyond  the 
possibility  nf  doubt  that  the  ether  gives  rise  to  the  phenomena  of  elec- 
tricity and  maguetism  as  well  as  to^tbose  of  light,  and  perhaps  it  may 


uy  Google 


ON   THE  MiOHITUDB  OF  THE  80LAE  SYSTEM.  107 

even  be  concerned  in  the  prodnction  of  gravitation  iteelf.  What  coald 
be  apparently  more  remote  than  these  electric  quantities  and  the  aolar 
parallax f  .And  yet  we  have  here  a  relation  between  them,  but  we 
make  no  nee  of  it  because  as  yet  the  same  relation  can  be  far  more 
accurately  <let«rmined  from  experiments  npoo  the  velocity  of  light. 

Nov,  let  us  recall  the  quantities  and  methods  of  observation  which 
we  have  found  to  be  involved,  either  directly  or  indirectly,  with  the 
solar  parallax.  They  are,  the  solar  parallax,  obtained  from  transitu  of 
Venns,  op|>ositions  of  Mars,  and  oppositions  of  certain  asteroids;  the 
lunar  jtarallax,  found  botli  directly  and  from  measurements  of  the  force 
of  gravity  at  the  earth's  surface;  the  vonotants  of  precession,  nutation, 
and  aberration,  obtained  from  observations  of  the  stars;  the  parallac- 
tic ineqaality  of  the  moon;  the  lunar  inequality  of  the  earth,  usually 
obtained  from  observations  of  the  sun,  but  recently  found  from  lieli- 
ometer  observations  of  certain  asteroids;  the  mass  of  the  earth,  found 
from  the  solar  parallax  and  also  from  the  ]>eriodic  and  secular  pertur- 
bations of  Venus  nnd  Mars;  the  mass  of  the  moon,  found  from  the 
lunar  ineqaality  of  the  earth  and  also  firom  the  ratio  of  the  solar  and 
lunar  components  of  the  ocean  tides;  the  masses  of  all  the  planets, 
obtained  from  observations  of  their  satellites  whenever  possible,  and 
when  no  satellites  exist,  then  (h>m  observations  of  their  mutuni  pertur- 
bations, both  periodic  and  secular;  the  velocity  of  light,  obtained  from 
experiments  with  revolving  mirrors  and  toothed  wheels,  together  with 
laboratory  determiiiatioDs  of  the  index  of  refraction  of  atmos])lieric 
air;  the  light  equation,  obtained  from  observations  of  the  eclipses  of 
Jupiter's  satellites;  the  figure  of  the  earth,  obtained  from  geodeti<; 
triangalatione,  measurements  of  the  length  of  the  seconds  pendulum 
in  various  latitudes,  and  observations  of  certain  perturbations  of  the 
moon;  the  mean  density  of  the  earth,  obtained  from  measurements  of 
the  attractions  of  mountains,  from  pendulum  experiments  in  mines, 
and  from  experiments  on  the  attraction  of  known  masses  of  matter 
made  either  with  torsion  balances  or  with  the  most  delicate  chemical 
balances;  the  surface  density  of  the  earth,  obtained  from  geological 
examinations  of  the  sarface  strata;  and,  lastly,  the  law  of  distribution 
of  density  in  the  interior  of  the  earth,  which  in  the  present  state  of 
geological  knowledge  we  can  do  little  more  than  gness  at. 

Here,  then,  we  have  a  large  group  of  astronomical,  geodetic,  geological 
and  physical  quantttiea  which  must  all  be  considered  in  finding  the 
solar  parallax,  and  which  are  all  so  entangled  with  each  other  that  no 
one  of  them  can  be  varied  without  afiecting  all  the  rest.  It  is  there- 
fore impossible  to  make  an  accurate  determination  of  any  one  of  them 
ftpart  from  the  remainder  of  the  group,  and  thus  we  are  driven  to  the 
coQddsjon  that  they  must  all  be  determined  simultaneously.  Such  has 
not  been  the  practice  of  astronomers  in  the  past,  bat  it  is  the  method 
to  which  they  must  inevitably  resort  in  the  fatare.  A  cursory  glance 
at  an  aoalogooB  problem  occarritfg  in  geodesy  may  be  instructive. 
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:  hishtcdb  of  the  solas  grsTBH, 

r  »  tmnnd  tiA  a  net  of  tmogks  it  is  always  fomtd 
3kic  =■»  •ita^rved  i  nJi  ■  »«  isbfert  to  a  cotain  amonnt  of  ermr,  and 
a  «nasr  *^  ^  *a«  Ae  habit  to  eonect  the  uigles  in  each  triangle 
■  fciM  aHca  !Cfard  i*  A»  effect  npoo  adjacent  triaDgles.  Conae- 
uwai  'j  ^t-  W^iKfi  W  tke  cmn  va«  imperfect,  and  in  conipating 
■2M  sOKva^  VrwMM.  aar  tva  distant  potnta  tbe  result  would  raiy  some- 
^fUC  wra  ^t  ~Tiw;Vi  awJ  in  tbe  eoBpatatioa — that  is,  if  ooe  compu- 
2tcvK  wsf  mmot  ziun^fk  a  ckaia  of  triangles  mnniDg  arouDd  on  the 
Tipu:  ^Mt»L  autb.  jBrdcr  t^ioorb  a  ^ain  of  triangles  mnning  straight 
Iwcwrca  :te  m  >-c;t^  aaid  a  thitd  throogfa  a  chain  of  triangles  mn- 
ii:i:£«-MiKc  IK  ^rbA-kaadsdctke  molts  woe  osoally  all  different 
Ji~  "UiiC  tan*  xubf*  w«c«  lew  h-eUr  rpectatized  than  now,  and  all  geo- 
ht^.v  raw&ciiv^  wvtv  jvt  ia  tke  kaads  of  ftrat-rate  astronomers,  who 
'Mwtt  A(--hws£.  Tc^KWHCf  v«  wemaung  tlte  diflbmltf.  They  imagined 
«■•;(?■  fOttwi*  tt^V  n  be  $abi(«t  to  a  SKall  OHTeetion,  and  aa  them 
.vt-xv-nnit^  w^n  jk.  «4ita3-£M  with  each  other  tfaroogh  the  geometxical 
.y/mi'iMtni.  it  nt  wc  >T-  a  »;'»«  irLf^uoas  applieati<Mi  of  tbe  method  of 
V-*4i-  ^<tii>-vs  rttfr  M<vrmisr^  iVa  all  staaltaaeoosly  in  sacfa  a  way  as 
)v  ;«k-^<^  :-)«  w-)<-M  -c'  ''3<e  siNXDMncal  roaditioas.  Thus  the  best  posai- 
.Sv  iti.<tt<tMvt  -v-a^  .■•>CK:T«i.  aad  do  mmSbtr  what  triangles  were  ased 
u  >kM4ii^  r-/ai  MK  3VC7I  T.-  air  -i^tr,  ihc  resolt  was  always  the  sama 
L'l.ii,  tn-  Ki£  t^  1VW  jccCifid  7*  fverv  important  triangnlation,  aud  its 
viK.iNiMvir  «'/».<£  >v  ?«^>ri»if^  ^  ;c\x-4'  of  iBoonpetency  on  the  part  of 

>;,-•  V-i  »:*  .vtfi  -•*-»  vjj*  .-va>i:ii-a5  existing  reqieetiTely  in  a  trian- 
i-  ■.K.\-*t  ■jw  Asii  I  tJw  f^-»t;  •■<  vi;»ii:a«  for  the  determination  of  the 
^•i.-.^*:  ^vt..i.  :«v  ^ '  i><  i<K  fivcy  ai-pf  »  «abj«rt  to  a  small  correction, 
*,st  i;>-  »K-.\  >A^v.w  «"  .■v'cwrci.-o?  KB5>  be  sodrtermined  as  to  make 
i'^v  »  it  'f^  ;X'?  vv^-l^^  4>^rjkrf»a  B^nimaa  aad  at  the  same  time 
^.*,  v\\  *:"  s>*  t^!^^^ll,■^:r■^,-J^^  .'\m^-:5.-«:s  <«f  the  wH,  like  tbe  triangles, 
•,''v- «;.:,*'.■■,  ..v-p.  ,x-.<  >■*».-,$  *}f  rr.ipftxiOB  wbx-h  the  solar  parallax  must 
Iv  iW^i**.',;  -Kxi  »-ir  ft",  s^-.^  wj  ?.'  «TW.  aad  th*»eft>re  we  most  regard 
v\*.  i  ^4  ^>^^■«*  **  rxv- .-.  ■■  r  jt  *  s.t;a"  o.vT»ifK!»-«,  and  all  these  corractions 
Y.-  .-.x;  Si-  ».*  vK'y.i.V'ji  -^v  **  K"  w  i.Xf  :  iw  s=aa  of  ih*ir  weighted  squares  a 
»■  '.■- ■  •.;'.»«v  A  4  A^  ;>■?  Si*-*  J.T.-*  s*:;s?r  enery  one  of  the  eqnatlona 
i^\)v;>v».,,  <  i'.,«  •,>■■*:,-■■,•;?■*.  S^:«w■^,  .'?*  "rjirx'*Tisi»mpoi»ent8of  the  gronp. 

rti.i!.  It  A;«;*\k:*',:  A]  ;V*>f;S.'vi  nrv;--:^*^  ft«r*liQSting  the  solar  par- 
»!U\  Ais)  ():<  iv'):>r\)  ^^^r.s:a -M'  )s  :=  alt  T<r«H««irrs  tbe  same  as  that  which 
b.^A  iMt  K^:<  Nv»  us«\t  t^.^r  jk'.  -x::r.£  sy^>f«iii  of  iriaagnlation.  and  as 
(be  l^tuuNT  itioiV.xsl  «A.<  ;:-.\i>:-iii\t  \v  *s;T\>ni^»er!i.  it  i^^  natural  toinqaire 
\Vh,v  h*v^  ibi>j  inM  *)>j>^.^  It  u*  ;i;<>  f^atljune»tal  pmbl««i  of  their  own 
sotNMvt  Th^  rvM»:^Mts  ary  v:it;tt>us.  S:-.l  tlwy  may  all  be  classed  onder 
two  b)NMla:  KirsK  »ii  idwin^Ii^  b*^:1  t4^  o\~«<^tinatiDg  tbe  aecoracj 
nf  otir  own  wiM-k  a«  ftuni^arv^t  viib  that  of  others;  and  second,  tbe 
DDfortuuat«  «tle«M  of  U^o  Mtich  s^MMTiabuttioD. 
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The  prevailiuf;  opinJoD  certainly  ia  tbat  great  advances  havereceDtly 
been  made  in  astronomy,  and  so  they  have  in  the  fields  of  spectral 
analysis  and  in  the  measaremeut  of  minnte  qaantitiea  of  radiant  heat; 
but  the  solation  of  the  vast  majority  of  astronomical  problems  depends 
open  the  esact  measurement  of  angles,  and  in  that  little  or  no  progress 
has  been  made.  Bradley,  with  his  zenith  sector  a  hnndred  and  fifty 
years  ago,  and  Bessel  and  Strnve,  with  their  circles  and  transit  instm- 
mentH  seventy  years  ago,  made  observations  not  sensibly  inferior  to 
those  of  the  present  day,  and  indeed  it  wonld  have  been  surprising  if 
they  had  not  done  so.  The  essentials  for  accurately  determining  star 
places  are  a  skilled  observer,  a  clock,  and  a  transit  circle,  the  latter 
consisting  of  a  telescope,  a  divided  circle,  and  fonr  micrometer  micro- 
scopes. Barely  no  one  wilt  claim  that  we  have  to-day  any  more  skilUhl 
observers  than  were  Bessel,  Bradley,  and  Strove,  and  the  only  way  in 
which  we  have  improved  upon  the  t^esoopes  made  by  Dollond  one 
hnndred  and  thirty  years  ago  is  by  increasing  their  aperture  and  rela- 
tively diminishing  their  focal  distance.  The  most  fomoos  dividing 
engine  now  in  esistence  was  made  by  the  elder  Repsold  seventy-five 
years  ago;  bnt  as  the  errors  of  divided  circles  and  their  micrometer 
micrusoopes  are  alwayscarefnllydetermined,  the  accuracy  of  the  meas- 
ured angles  is  qnite  independent  of  any  small  improvement  in  the 
accuracy  of  the  divisions  or  of  the  micrometer  screws.  Only  in  the 
matter  of  clocks  has  there  been  some  advance,  and  even  that  is  not 
very  great.  Ou  the  whole,  the  star  places  of  to-day  are  a  little  better 
than  those  of  seventy-five  years  ago,  bnt  even  yet  there  is  great  room 
ior  improvement.  One  of  the  commonest  applications  of  these  star 
places  is  to  the  determination  of  latitade,  but  it  is  very  doubtful  if 
ther^  is  any  point  on  the  face  of  the  earth  whose  latitude  is  known 
certainly  within  one-tenth  of  a  second. 

Looking  at  the  qnestion  from  another  point  of  view,  it  is  notorious 
that  the  contact  observations  of  the  transits  of  Venus  in  1761  and  1769 
were  so  discordant  that  from  the  same  observations  Encke  and  E.  J. 
Stone  got  respectively  for  the  solar  parallax  8.59"  and  8.91".  In  1870 
no  one  thought  it  possible  that  there  could  be  any  difficulty  with  the 
contactobservalions  of  the  then  approaching  transits  of  1874  and  1882, 
bat  we  have  fbund  from  sad  experience  that  our  vaunted  modern  instru- 
nents  gave  very  little  better  results  for  the  last  pair  of  transits  than 
onr  predecessors  obtained  with  much  cruder  appliances  in  1761  and  1769. 
The  theory  of  probability  and  uniform  experience  alike  shew  that  the 
limit  of  accuracy  attainable  with  any  instrament  is  soon  reached;  and 
yet  we  all  know  the  fascination  which  continually  lures  us  on  in  our 
efforte  to  get  better  results  out  of  the  fkmiliar  telescopes  and  circles 
which  have  constituted  the  standard  equipment  of  observatories  for 
nearly  a  century.  Possibly  these  instruments  may  be  capable  of  indi- 
cating somewhat  smaller  quantities  than  we  have  hitherto  succeeded 
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in  miuMDring  wjtti  tbein,bat  tbeir  limit  can  DoCbe  Ear  off,  because  th^ 
alrfudy  show  tbe  distorbiDg  effeeta  of  sligbt  ineqiulitieB  of  tonperatare 
and  other  Qucontrollable  caases.  So  &r  as  these  effects  are  accidental 
tiiey  eliminate  themselves  from  every  long  eoies  of  obaervations,  bnt 
thRre  always  remains  a  restdonm  of  constant  entH-,  perhaps  qnite 
iiriHunpected,  wliich  gives  as  no  end  of  tronble.  Bncke's  valne  of  tbe 
Holiif  parallax  affords  a  fine  iUnstration  of  this.  Fn»n  tbe  transits  of 
VoDiin  tn  1761  and  1769  be  foand  8^"  in  1824,  vhich  he  sobseqaently 
i^)rr«v'te«l  lo  8.57",  and  for  thirty  years  that  valne  was  aniversaDy 
itroii|)t(Hl.  The  Arst objection  tottcamefrom  Hansen  in  1854,  a  second 
|\ttl<>wod  IVom  Leverriei  in  1858,  both  based  apon  Encts  connected  with 
tlii'hinar  theory,  and  eventually  it  became  evident  that  Bncke's  parallax 
WHO  itlMXit  one- fourth  of  a  second  too  small. 

Now  ploivHo  observe  that  Encke's  value  was  obtained  trigonometric- 
iilly.  nuti  its  iniic<',ara«>y  was  never  suspected  until  it  was  revealed  by 
)jni\  ilAlioiial  methods,  which  were  themselves  in  error  about  one-tenth 
Hi  n  nwoml  wnd  rwiuired  subsequent  correction  in  other  ways.  Here, 
Ott'iii  VMi"  a  h'sson  to  astronomers,  who  are  all  more  or  Ie«<8  specialiste, 
\»\\  (I  HMMvly  cnfim'wl  (lie  perfectly  well-known  principle  that  the  con- 
it'\\\\  puiivMiif  Hiiyone  mctliod  are  accidental  errors  with  respect  to  all 
iiOt*>t  (itvtliiHK  Hiid  tliereforo  the  readiest  way  of  eliminating  them  is 
W\  (-I'mbiuhm  \\w  vt'suUs  from  as  many  different  methods  as  possible. 
tl>i\\i'M>t,  \\w  hIiW  iIic  specialist  the  more  certain  he  is  to  be  blind  to 
,\\\  \w\\\\s>U  but  Ins  twu,  and  astronomers  have  profited  so  little  by  tbe 
t.'tiN  t.i>  lUtt^i'it  1  (>vi^)Tii>r  jnoidont  of  thirty-five  years  ago  that  to-day 
On'\  ■»*>■  ut'^it.i  ib\i«l«M  into  two  great  parties,  one  of  whom  holds  that 
\\iy\  \\.i\A\U\  .SM>  IvUv-t  Oi'tcrmined  from  a  combination  of  the  constant 
t>l  .tl'.'M  ni.vH  wuti  i!i(*\<'li«nly  of  light  and  the  other  believes  only  in 
\\W'  \\->\\\\»  vM  h<'!)<>uu'UT  m<'>u.«nn>ments  upon  asteroids.  By  all  means 
*^>»*u«(H'  (!v*'  l>,vli.Mti»>i.'v  m.'A««rwwenta  and  do  everything  possible  to 
V  li-it  \\\<  \U'  »w>w'\\  \v)ii>-li  ui>vr  surroandsthe  constant  of  aberration, 
\n>.\  \\\\\  (.».«>v  «;.!*  \\>mK  .vf  v"'"*'''"'^''**'''  ^''°  ^^'^  1"''*  »*  ''''l®  ** 
vnu-^lwv^l  u  It  w,Mv.l,'MrtM(.*doU'munesonieoneangleof  atriangn- 
y.ii.v'n  **>»  \\v.l\  -issO  »\\*»i»»vss,  vhj»t  wonld  be  thought  of  a  man  who 
.(«uHi>l>i\>i  tv>  \Uv  m^  ^\  tv.sM;o>t  woA.'iuri'ment.'i  of  the  auffle  in  qnestjon 
wti.ivv  Uo  jvt.-"-t\  .xS  »-.^i'<v;»sl  «xv  ail.;Hst  the  nett  And  yet  until 
\s-it  \<'M'k>.U  tv)t\>".>'.i'>'i'>  hA\^  )yv)i  d.>iiig  piwisely  that  kind  of 
U>i..«  wiiK  .!.»>>.'S»  i^»  -^i^v  I  «l«»».^i  !h:iik  there  is  any  exaggeration 
in  in.Mn«  Ui .»  t^%'  ti-vx-wsM.' \  ^v^v^;\a;!,^;^s  m>T  OQ  record  for  the 
\li\\'unm  »..-'A  ^^.  «■  *'  I  *»  .^•A\^Ai  iv"»'  5i-<s  which  s>re  functions  of  the 
(>.n  *liA\  iv>.-.t  ..'i  tv  il '.■•- *-*-v\l  V>  !i*i- KAvst  imlustrioasaslTonomer 

wn,kii.«,v'  ^'..•■^.\  >\>*  »,'«.v.vv.vS>\\»)-*.    H,>w,thcn.«ui weaappose 

vliAl  »l.v  .« ••..■.  »».^>iv.'\  vl.\t.-..  :-V  '.'.v.".  ;>r--.s  c«-.-.  tt*" aiataiaDy affected 

iv\  .»\i\ii !•  't  v-vv  %v.  M>  *.«;(  iK'  '.-■:  »  ;.:\--  .-.>*  -.svVisswr  are  fortunate 

^iitv^ti^lt  t\>   tt^^^-..(   uwkiv^U  >M    Ms\«v.-.;\-av:-;   \»s;I,\   ;M)i<«nor  to  any 
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bitherto  imagined  t  Probably  the  exiBting  observations  for  tbe  deter- 
mlDation  of  most  of  these  qoantities  are  as  exact  as  aoy  that  can  ever 
be  made  with  onr  preseDt  iastrnmcDts,  aod  if  they  vere  freed  from 
coQstant  errors  they  would  certainly  give  results  very  near  tbe  truth. 
To  that  end  we  have  ouly  to  form  a  system  of  simultaiie«>nB  equations 
between  all  the  observed  quantities  and  then  deduce  the  most  probable 
values  of  these  qnantities  by  the  method  of  least  squares.  Perhaps 
some  of  you  may  think  that  tbe  valne  so  obtained  for  the  solar  parallax 
would  depend  largely  upon  the  relative  weights  assigned  to  the  various 
quantitiea,  but  such  is  not  tbe  case.  With  almost  any  possible  system 
of  weights  the  solar  parallax  will  come  out  very  nearly  8.809"  ±  0.0057", 
whence  we  have  for  the  mean  distance  between  tbe  earth  and  the  sun 
92,797,000  miles,  with  a  probable  error  of  only  59,700  miles;  and  for 
the  diameter  of  the  solar  system,  measured  to  its  outermost  member, 
the  planet  Neptane,  5,578,400,000  miles. 
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By  William  II.  1'ickbring. 


It  is  probable  tbat  tbe  astronomer  wliose  name  is  most  closely  linked 
with  tlie  planet  Mars  at  tbe  present  time  is  GiovaDUi  Schiaparellij 
and  yet,  altliougb  nearly  everybody  has  heard  of  Schiaparelli's  canals, 
very  few  astronomers  even,  outside  of  France  and  Italy,  had  until 
recently  more  than  a  very  vague  notion  what  were  I'ealty  his  ideas  in 
regard  to  them.  This  is  due  probably  to  the  fact  tbat  be  has  writtfiu 
exclasively  in  Italian,  a  language  whicli  very  few  American  astrono- 
mers, and  I  believe  very  few  English  ones,  understand.  To  this  fact 
chiefly,  I  thinit,  is  doe  the  great  incredulity  with  which  his  observa- 
tions have  l>een  treated,  at  least  until  recently,  In  both  of  these  coun- 
tries. Astronomers  could  understand  his  maps;  they  knew,  therefore, 
what  he  had  done,  but  they  contd  not  understand  his  descriptions  of 
bis  observations,  aud  so  were  incredulous  regarding  their  accuracy. 
Moreover,  such  a  mass  of  detail  appeared  upon  his  maps,  which  had 
not  before  been  seen  by  others,  that  it  completely  masked  the  more 
striking  features  of  the  planet,  thus  rendering  its  appearance  entirely 
different  from  that  which  it  presented  in  the  telescope  under  ordinary 
almoRpheric  conditions. 

But  within  the  last  few  years  a  change  has  occurred.  Flnmniarion 
lias  translated  a  large  part  of  Schiaparelli's  writings  into  French,  a 
language  with  which  most  English  speaking  astronomers  are  famihar, 
and  moreover  the  canals  have  been  seen  by  a  number  of  astronomers 
whose  descriptions  of  them  in  English  and  French  could  be  under- 
stood and  were  found  to  agree  with  those  of  Scbiaparelli. 

But  errors  are  still  frequently  made  by  people  who  might  be  expected 
to  know  better.  Thus,  many  people  suppose  that  Scbiaparelli  was  the 
original  discoverer  of  the  canals,  a  claim  which  he  never  made  for  him- 
self. In  point  of  fact,  some  of  them  appear  upon  maps  of  the  planet 
published  more  than  fifty  years  ago.  The  former  English  incredulity 
in  the  matter  seems  the  more  strange,  smce  many  of  the  canals  were 
seen  by  Dawes  in  1861  and  by  Burton  and  Dreyer  in  1879;  Scbia- 
parelli, however,  has  discovered  far  more  cauali<  than  anyone  else,  and 
be  is  also  the  discoverer  of  their  gemination. 


8  and  9,  Octol>er  and  Novem- 
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In  tbis  connection  it  may  be  tkat  a  brief  <i  hiWMt»t,k  ■!  atmt/emaeat  o( 
t)ie  more  important  fact«  and  dJMorenes  nfaOB^  to  Mara  viD  not  be 
witbont  interest.  In  compiling  it  I  havv beta  ekKdyiBdebteil  to  Flam- 
uiarlon'8  claMic  work,  La  Planj^te  Man,  alAoagh  ockcr  ■oortas  have 

aIho  been  coDHulted. 

27'J  It.  0.  Tbe  first  known  ot>§erTatJoD  irf'  Man  is  reeorded  in  Ptol- 
4tmy'ti  AlmtiK^t. 

IfllO  A.  1>.  Tbe  phases  of  Mars  were  diseonred  hj  GaKleo. 

10R9.  The  first  sketch  showing  sarfece  detail  was  made  by  Hny- 
gtiUH.     He  iilso  RUggested  a  rotation  in  twenty-foor  boors. 

KHtO.  Oassinl  determined  tbe  rotation  of  Mars  to  take  place  in 
twonty-lour  huursand  forty  iniuates.  Healsoobserred  tbe  polar  cape, 
and  "bo  distinguished  on  tbe  disk  of  Mars,  near  tbe  terminator,  a 
white  s|M)t  wlvaticiug  into  tbe  dark  portion,  aod  rqiresenting,  witfaont 
doubt,  iiko  those  of  tbe  moon,  a  roughness  or  irregnlarity  of  the  sar- 
lb(H\"  Tbis  latter  statemeut  is  curious,  but  tbe  effect  was  ondoobtedly 
ilue  t4t  irrudiation,  since  bis  tdcacope  was  entirety  inadequate  to  enable 
hliu  to  olvHorv(>  sui-b  a  delicate  pbenomeuoD. 

lilt.  \Vith  lliv  f xt'eptiou  of  lluygeas,  Hooke,  and  possibly  Maraldi, 
u\t  (UH'  !tmHH'^'«ti^  in  making  recognizable  sketches  of  tbe  surface  detail 
ttii^tu  M»r?t  fit-  owr  a  century,  until  Sir  William  Herechel  took  the  mat 
l^-r  up  tu  tins  \-v«r. 

t .  S.'^  Stc  \V  tUuuit  U»r«ebel  detected  the  variation  of  the  size  of  the 
ks ■■'.»'  vK>«\'<*t^^t(b  the  seasons,  measured  tbe  polar  compression,  and 
^K  ui  >ii-'^\t  ■-!'*•  unUttatKi*!  of  the  aiia  of  tbe  planet  to  its  orbit. 

I. XV  IS'..'.  S,-'.'.;wt«'r  made  an  extended  study  of  tbe  planet    His 

.«*  ..i-.,v.v  «',vw  !^<'W^^•i*•  rtttbwbettertbantboseof  Herschel.  He 
.■  .^v\%'jW,.  .»".:«v.!:  »>:V.<r  ctuu^s.  the  very  dark  spots  to  which  1  have 
'\  V  ,^.^1  ,-.  >-,-v  itv.X.v'^;;v'»«i^  the  Northern  audEqnatorialSeas.    He, 

»>i\'y  li(V»  -»■•>!  M,»»V,"vr  i>;;o':sb«-d  the  first  map  of  the  planet,  assign- 

'»■  ,!,U"-"« .»' 'i 'v:  «L'  ;;.U-*  t^»  tb*' vari»>»is  markings.    On  tliis  map  are 

,.i  \\t:<M>;^!  \,»- Vs  A"d  :li*'  first  of  the  small  lakes,  so  many  of 

»  I     I  !>  «vv  *s.v:' ,!  ^v>^i.v  vi:;^';';:  ihf  Ust  few  years.    Tbe  canals  are 

\      .■    t    ■  V.  *-"  •'^-^■"^■•"  ••""''  iNTti^fS  of  Hades  and  Tartarus.    The 

'.  i  „;..■,;■■■     v^     V'^'-  ■«'*!'>*  'b«>  first  satisfactory  represen- 

.   ■    L  iv'  V,      v  v:'  ■  U.V  1-.  •-'■*•  i'-*"^*-    The  oulj-  region  which  pre- 

^  ..„  \«    -  ■'.* '  v'.'i;'^  vi  *;."i^*j;sfc«Ji  was  that  in  the  rioinity  of 

.    ,  ■,     .,  „  (■   t  ,.«  V. .'  N  «vl>  oi"  th«^  i.i>lors  exhibited  by  tbe 

,  , .,  ,      ,,•   t  v^  >..i.iw  ji"  rwU'y  pwd  sketches  of  the 

,     ,    ,,,,.   ^  .v.'xi,  V  iiiuis  »uh  «lu«4  weare  now  so 

,,,,;,  s.>    Ks-i*.-'.-;'  stittiii' ..'l"  tfa«  other  observers, 

'.    .,  ,-v\f  t->w-  uj  ctw  vimtral  branch  in 
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1864.  Dawes  detected  eight  or  ten  of  the  canals. 

1867.  Hoggins  detected  lines  due  to  the  presence  of  water  vapor  in 
ibe  spectmm  of  Hars. 

1867.  Proctor  determined  the  period  of  rotation  of  Mars  within  0.1 
second. 

1S77.  Hall  discovered  the  two  satellites  of  Mars. 

1877.  Green  made  a  very  excellent  series  of  drawings  of  the  planet, 
saperior  to  anything  wbicli  had  preceded  them. 

1877.  Schiaparelli  made  the  Urst  extensive  triangulation  of  the  sur- 
fooe  of  the  planet,  and  added  very  largely  to  the  number  of  known 
canals. 

1879.  Scliiaparelli  detected  the  gemination  of  Nilus,  the  first  known 
double  canal. 

1882.  Schiaparelli  discovered  numerous  double  canals,  and  annonuced 
that  the  appearance  formed  one  of  the  characteristic  phenomena  of  the 
planet. 

The  most  reliable  confirmation  of  this  phenomenon  hitherto  reported 
has  come  from  Perrotin,  of  Nice,  and  A.  Stanley  Williams,  in  England. 
If  Schiaparelli'a  theory  is  correct,  that  the  duplication  occnis  only 
between  the  spring  and  autumn  equinoxes  of  the  Northern  Uemisphere, 
the  last  opportunity  to  witness  it  was  in  1890,  and  the  next  will  be  in 
January  and  Febrnary  of  1896,  onless  the  planet  proves  to  be  too 
remote  at  that  period. 

Very  few  of  Schiaparelli's  writings  have  ever  been  translated  into 
English,  and  none  so  far  as  I  know,  hitherto,  without  the  intervention 
of  some  other  language,  such  as  German  or  French.  The  following 
translation  is  from  Natara  ed  Arte  for  February  16, 1893.  It  gives 
the  latest  expression  of  his  views  upon  the  periodical  inundations  expe- 
rienced by  the  planet,  upon  the  nature  of  the  seas,  the  canals,  and  the 
gemination  of  the  latter. 

Lowell  Obsebvatoby,  Plaostapp,  Ariz.,  Augtut  26,  ld94. 


THE  PLANET  UAB& 


B;  GlOVAKNI   SCHIAPABEUJ. 


Many  of  the  first  astronomers  who  studied  Mars  with  the  telesco|>e 
had  noted  on  the  outline  of  its  disk  two  brilliant  white  spots  of  rounded 
form  and  of  variable  size.  In  process  of  time  it  was  observed  that 
while  the  ordinary  spots  upon  Mars  were  displaced  rapidly  in  conse- 
quence of  its  daily  rotation,  changing  in  a  few  hours  both  their  posi- 
tion and  their  perspective,  the  two  white  spots  remained  sensibly 
motionless  at  their  posts.     It  was  concluded  rightly  from  ^bis  that 
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tbey  toast  occupy  the  polea  of  rotatiou  of  tlie  planet,  or  at  least  most 
be  foaad  very  uear  to  them.  Consequently  tliey  were  given  the  name 
of  polar  capa  or  spots.  And  not  without  reason  is  it  conjectured  that 
these  represeut  upon  Mars  that  immense  mass  of  snow  and  ice  which 
still  to-day  prevents  navigators  from  reaching  the  poles  of  the  earth. 
We  are  led  to  this  conclusion  not  only  by  the  analogy  of  asi>ect  and  of 
place,  but  also  by  another  important  observation.    -    -    - 

As  things  stand,  it  is  manifest  that  if  the  above-mentioned  white 
polar  spots  of  Mara  represeut  snow  and  ice  they  shoald  cuutinne  to 
decrease  in  size  with  the  approach  of  summer  in  those  places  and 
increase  during  the  winter.  Now  this  very  fact  is  observed  in  the 
most  evident  manner.  In  the  second  half  of  the  year  I8ii2  the  south- 
ern polar  cap  was  in  full  view;  during  that  interval,  and  especially  in 
the  mouths  of  July  and  August,  its  rapid  diminution  from  week  to  week 
was  very  evident  even  to  those  obsenriog  with  common  telescopes. 
This  snow  (for  we  may  well  call  it  so),  which  in  the  beginning  reached 
as  far  as  latitude  70<^  and  formed  a  cap  of  over  2,U00  kilometers  (1,200 
miles)  in  diameter,  progressively  diminished,  so  that  two  or  three  months 
later  little  more  of  it  remained  than  an  area  of  perhaps  300  kilometers 
(ItW  miles)  at  the  most,  iiud  still  less  was  seen  in  the  last  days  of  18!>2, 
In  these  mouths  the  southern  hemisphere  of  Mars  had  its  summer, 
the  summer  solstice  occorring  upon  October  13.  Correspondingly  the 
mass  of  snow  surrounding  the  northern  pole  should  have  increased; 
hot  this  tact  was  not  observable,  since  that  pole  was  situated  in  tbe 
hemisphere  of  Mars  which  was  opposite  to  that  facing  the  earth.  The 
melting  of  tbe  northern  snow  was  seen  in  its  turn  in  the  years  1882, 
1884,  and  188(;. 

Theseobservationsof  the  alternate  increase  and  decreaseof  the  polar 
snows  are  easily  made  even  with  telescopes  of  moderate  |>ower,  but 
they  become  iiuicli  more  interesting  and  instructive  wtien  we  can  follow 
assiduously  the  changes  in  their  more  minute  particulars,  using  larger 
instruments.  The  snowy  regions  are  then  seen  to  be  successively 
notched  at  their  edges;  black  holes  and  huge  flssares  are  formed  in 
their  interiors;  great  isolated  pieces  many  miles  in  extent  stand  out 
from  the  principal  mass  and,  dissolving,  disappear  a  little  later.  In 
short,  the  same  divisions  and  movements  of  these  icy  fields  present 
themselves  to  us  at  a  glance  that  oct^ui-  during  the  summer  of  our  own 
arctic  regions,  according  to  the  descriptions  of  explorers. 

The  southern  snow,  however,  presents  this  peculiarity:  The  center 
of  its  irregularly  rounded  figure  does  not  coincide  exactly  with  the  [>ole, 
but  is  situated  at  another  point,  whirli  is  nearly  always  the  same,  and 
is  distant  from  the  pole  about  300  kilometers  (180  niileit)  in  the  direc- 
tion of  the  Mare  Brytbrieum.  From  this  we  conclude  that  when  tbe 
area  of  the  snow  is  reduced  to  its  smallest  extent  the  south  pole  of 
Mars  is  uncovered,  and  therefore,  perhaps,  the  problem  of  reaching 
it  upou  this  planet  is  easier  than  upon  the  earth.     The  southern  suow 
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is  in  tlie  midst  of  a  buge  dark  spot,  vhicb  witli  its  braoches  occupies 
■learljonetliirti  of  thu  wliole  surface  of  Mars,  aud  is  supposed  to  repre- 
sent ita  principal  ocean.  Hence  tbe  anaTogy  with  onr  arctic  and 
antarctic  snows  may  be  said  to  be  complete,  and  especially  so  with  the 
antarctic  one. 

The  mass  of  the  Dorthern  snow  cap  of  Mara  is,  on  the  otiier  liand, 
centered  nlmost  exactly  upon  its  pole.  It  is  located  in  a  region  of 
yellow  color,  which  we  are  accustomed  to  consider  as  represeDtiiig  the 
Goutinent  of  tbe  planet.  From  this  arises  a  singular  phenomenon  which 
has  no  analogy  upon  the  earth.  At  the  melting  of  the  snows  accumu- 
lated at  that  pole  during  the  long  night  of  ten  months  and  more  the 
liquid  mass  produced  in  that  operation  is  dilTused  around  the  circum- 
ference of  the  snowy  region,  converting  a  large  zone  of  surrounding 
land  into  a  temporary  sea  and  filling  all  the  lower  regions.  This  pro- 
dnces  a  gigantic  inundation,  which  has  led  Rome  observers  to  supimse 
the  existence  of  another  ocean  in  tliose  part^,-  but  which  does  not  really 
exist  in  that  place,  at  least  as  a  permanent  sea.  We  see  then  (the  last 
opportnnity  was  in  1884)  the  white  spot  of  the  snow  surrounded  by  a 
dark  zone,  wliich  follows  its  jterimeter  in  its  progressive  diminution, 
upon  a  circumference  ever  more  and  more  narrow.  The  outer  part  of 
this  7x>ue  branches  out  into  dark  lines,  which  oc«npy  all  the  surround- 
ing region,  and  seem  to  be  distributary  canals  by  which  the  liquid 
mass  may  return  to  its  natural  position.  This  produces  in  these  regions 
very  extensive  lakes,  such  as  that  designated  upon  the  map  by  tbe  name 
of  LacusHyperboreus;  theneighboringinteriorseacalled  MareAcida- 
iium  becomes  more  black  and  more  conspicuous.  And  it  is  to  be 
remembered  as  a  very  probable  thing  that  tbe  flowing  of  tliis  melted 
SDow  is  the  cause  which  determines  principally  the  bydrographic  state 
of  the  planet  and  the  variations  that  are  jieriodically  observed  in  it» 
aspect.  Something  similar  would  t>e  seen  nimn  the  earth  if  one  of  our 
poles  came  to  he  located  suddenly  in  the  center  of  Asia  or  of  Africa. 
As  things  stand  at  present,  we  may  find  a  miniature  image  of  these 
conditions  in  the  flooding  that  is  observed  in  our  streams  at  the  melt- 
ing of  the  Alpine  snows. 

Travelers  in  the  arctic  regions  have  f^quent  occasion  to  observe  how 
the  state  of  tbe  polar  ice  at  the  beginning  of  the  summer,  and  even  at 
the  beginning  of  July,  is  always  very  unfavorable  to  their  progress. 
The  best  season  for  exploration  is  in  the  month  of  August,  nnH  Sep- 
tember is  tbe  month  in  which  the  trouble  from  the  ice  is  tbe  least. 
Tims  ID  September  our  Alps  are  usually  more  practicable  than  at  any 
other  season.  And  the  reason  for  it  is  clear — the  melting  of  tbe  snow 
requires  time;  a  high  temperature  is  not  sufficient;  it  is  necessary  that 
it  should  continue,  and  its  efi'ect.  will  be  so  much  the  greater,  as  it  is 
tbe  more  prolonged.  Tbns,  if  we  could  slow  down  the  course  of  our 
season  so  that  each  month  should  last  sixty  days  instead  of  thirty,  in 
the  summer,  in  such  a  lengthened  condition,  the  melting  of  tbe  ice 
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vwild  pn^reBs  luacb  farther,  and  perhaps  it  wonld  not  be  an  exagger- 
atioa  to  say  that  the  polar  cap  at  the  end  of  the  warm  season  wonld 
be  caur»|]r  destroyed.  Bat  one  can  not  doubt,  in  any  case,  that  the 
fts«d  portwu  of  sncb  a  cap  wonld  be  reduced  to  mnch  smaller  size,  than 
w*  ae*  it  to-day.  Now.  this  ia  exactly  what  happens  on  Har&  The 
«>C2  Tvar.  DMuiy  doable  our  own,  permita  the  ioe  to  accnmnlate  daring 
liw  pi^ttf  Bi.;ht  of  ten  or  twelve  months,  so  as  to  descend  in  the  form  of 
4  ciN>:iaa>.<as  l*ytT  as  br  as  panUld  70°,  or  even  &rthcr.  Bat  in  the 
iLiy  «!Li<-h  jmIows.  of  twelve  o;  ten  months,  the  snn  has  time  to  melt 
^.  or  3<»riT  all.  of  the  soov  of  recent  fMination,  reducing  it  to  snch  a 
4auII  ATva  ikat  it  sMBS  to  as  no  more  than  a  very  whit«  point.  And 
cw-rj-,*  :x^  «K>w  !■*  entirely  destroyed;  but  of  this  there  is  at  present 

v>- jitfr  wl::«  »:■'<$  o(  a  transitory  character  and  of  a  less  regnlar 
krru,ivoKc:  ATv  vcwnl  in  the  sootb^n  hemisphere  upon  the  islands 
i«.*c  :itf  7*'i«.  ■k"<i  s^^  io  the  opposite  hemi^here  whitish  reigions 
t-t-mir  iZ  r.^-w^  s^^rrvwaL^z  the  north  pole  and  reaching  to  50°  and 
■J'  ^k  U:  r  ■.>*■.  Tb*T  are- p*ro.»p*.  tiansitwy  snows,  similar  to  those 
«  I  v>  Jhrv-  .-^iwi-T^l  iB  oar  U::ta>i«».  Bnt  also  in  the  torrid  zone  of 
y  ,^^  ^^  $«^n  i^tnie  t«*t  iaul!  white  spots  mwe  or  less  persistent; 
^-•■rj  tvifaer^  one  was  !<*n  by  w*  in  three  consecutive  oppositions 
I^rr-I-^-',  at  tlie  point  indkated  apoo  oar  chart  by  loDgitade  268° 
.i->i  Li:;ni(Ie  !>'•'  north.  PcrbaiiS  w»  may  be  pomitted  to  imagine  in 
:i:s  i'l^f  the  esiT^tonce  of  a  mountain  capalile  of  supporting  extensive 
x'*  t»M*.  Thr  esi>t*-nce  of  sncb  a  m<>antaio  has  also  been  suggested 
bv  :ii'r.:f  re«-*nt  *«'.«i«Tver5  aiM«n  other  pi\>u::ds. 

As  1:^^  !■**"  s:.*:*^-  tlie  in*'.ir  :>nows  of  Mars  prove  in  an  incontro- 
\v  •  :.■-•>  =-.j»:;-<'r  :^a:  :h:s  i-l-iaet,  lite  ibe  earth,  is  surraanded  by  an 
4  ■■•vv.;-".*-:*  »-,i:v»Xe  of  tia:i*;xining  vapwfrom  one  place  to  another. 
^  ^,,,.  s;-o»  *  jirv  v.;  f.**-i  prw."-;  :T4t:»'ns  k*(  vaptw,  coodoised  by  the  cold, 
*  0,  o.^r•,^^'.  »■:-'■  '•'  ^■.•.<w^^\v:y.    H.*w  carrie«l  with  it  if  not  by  atmos- 

■  'v-.  X  «K.'>x -■»■■;•  Tr.f  r\:s:er!t-e  ^'f  an  atmo^iibere  charged  with 
V  »ss  >  **  Nxr.  »vr-:T.oi  *!?»»  Vy  i;*ectT\ki».x>pic  observations,  princl- 

A  ,■■,■.■*>,•;  V,^-,',  .»,%vr>',:::^  :.■■  •♦'-A-h  this  aimos^ibwe mast  be  of  a 

v....\sN    \— V-.  '.■■- i:  ":;:>  f^^rA  .-'.r  ow.u  and.  abo^-e  alL  very  rich  in 

■^■,■•4  \  t  vif      V    s  -.s  *  r.>. :  .V  :i.-  i:i^!K-s;  imp^^rtance,  becaose  from 

■  »  >    ..    ..,'.■*  ,4  -■-■.••:>,  r.- --.v.  ".  7>:vr',>;:::y  thJt  to  water  and  to  no 
,,  ... ,;  ,•      ,■  »-*s  i>i;  V  ,rs  *:-,d  :t*  i»'l»r  saows.    When  this 

^..      V  *%^.,;\-y;  N  *■•;  .5  *".  »!, ;::>;.  a:: >:!.(r  owe  aay  be  derived 

j^  ,       ,,      .,  \xvv  ■  ■■.vv„i-vV'   i    *:  :>.*  ;^-:;*raJure  ot  the  Arean  cli- 

,    .  -,«      V  (  ,;    <  -.'»>  i.r-v:*--  li  >:aT:^*  o;'  zhut  planet  from  Uie 

.-,  ,v      >,>  -.*    .■  ,'..'.;.f  **  -V  Tv-'.-.'-vrsrsr*  ('f  the  terrestrial  tme. 

■v        •s'l  ■     ,  »v^v  .  '  v\  *v  >■"*  N.vf,  $.:;-.xv*v!  by  sivaie iDvestigatorB, 

,^    ^      s--  •      \>  ,•»   V*  *  *  *s  »■«■.  :  V  *xTfrAi?f  vKiT  low  (fromSO° 

■  •  \->\    .v\' ,    .  »v-  ■■.  f  i  ^*"  ;W*i-Sf  ^v  WTi:«- vapor  to  be  ao 

,>\  .  ,•  .    .  :v    »-  ^.■v^,S■-■^■«'    *■*-    *  '  ■•-  I'^i^IfC  »W  COVld  Water 
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be  an  important  factor  in  its  physical  changes,  but  would  give  place 
to  carbonic  acid,  or  t«  some  other  liquid  vbose  freezing  point  was 
mnch  lower. 

The  elements  of  the  meteorology  of  Mars  seem,  then,  to  have  a  close 
anak^y  to  those  of  the  earth.  But  there  are  not  lacking,  as  might  be 
expected,  caQses  of  dissimilarity.  From  circumstances  of  the  smallest 
mom^it  natare  brings  forth  an  influite  variety  in  its  operations.  Of 
tbe  greatest  influence  must  be  differept  arrangement  of  the  seas  and 
tlie  continents  npon  Mars  and  upon  tbe  earth,  regarding  which  a 
glance  at  tbe  map  will  say  more  than  would  be  possible  in  Dtany  words. 
We  have  already  emphasized  the  fact  of  the  extraordinary  periodical 
Hood,  which  at  every  revolution  of  Mars  inundates  the  northern  polar 
region  at  tbe  melting  of  tbe  snow.  Let  ns  now  add  that  this  inau- 
datlon  is  spread  ont  to  a  great  distance  by  means  of  a  network  of 
canals,  jierhaps  constitnting  the  principal  mechanism  (if  not. the  only 
one)  by  which  water  (and  with  it  organic  life)  may  be  diffused  over 
the  arid  surface  of  tbe  planet.  Because  on  Mars  it  rains  very  rarely, 
or  perhaps  even  it  does  not  rain  at  all.    And  this  is  tbe  proof. 

Let  OS  carry  ourselves  iu  imagination  into  celestial  space,  to  a  point 
sodistant  tram  the  earth  that  we  may  embrace  it  all  at  a  single  glance. 
He  would  be  greatly  in  error  who  had  expected  to  see  reproduced  there 
upon  a  great  scale  the  image  of  our  continents  with  their  gnlfe  and 
islands  and  with  the  seas  that  aarronnd  them  which  are  seen  upon  our 
artificial  globes.  Then  without  doubt  the  known  forms  or  partof  tbem 
would  be  seen  to  appear  under  a  vaporous  veil,  but  a  great  part  (per- 
haps one-half)  of  the  surface  would  be  rendered  invisible  by  the 
immense  fields  of  cloud,  continually  varying  in  density,  in  form,  and 
in  extent.  Such  a  hindrance,  roost  frequent  and  continuous  in  the 
polar  regions,  would  stilt  impede  nearly  half  the  time  the  view  of  the 
temperate  zones,  distributing  itself  in  capricious  and  ever  varying  con- 
figurations. The  seas  of  the  torrid  zone  would  be  seen  to  be  arranged 
in  long  parallel  layers,  corresponding  to  the  zone  of  equatorial  and 
tropical  calms.  For  an  observer  placed  npou  the  moon  tbe  study  of 
our  geography  would  not  be  so  simple  au  uodertaking  as  one  might  at 
first  imagine. 

There  is  nothing  of  this  sort  iu  Mars.  In  every  climate  aud  under 
every  zone  its  atmosphere  is  nearly  perpetually  clear  and  sufficiently 
transparent  to  permit  one  to  recognize  at  any  moment  whatever  the 
contours  of  the  seas  and  continents  and,  more  than  tbiit,  even  the  minor 
configurations.  Not  indeed  that  vapors  of  a  certiUu  degree  of  opacity 
are  lacking,  bnt  they  offer  very  little  impediment  to  the  study  of  the 
topography  of  tbe  planet.  Here  and  there  we  see  appear  from  time  to 
tune  a  few  whitish  spots,  changing  their  position  and  their  form,  rarely 
extending  over  a  very  wide  area.  Tbey  frequent  by  preference  a  few 
regions,  such  as  tbe  islands  of  tbe  Mare  Australe,  and  on  the  conti- 
nents the  regions  designated  ou  the  map  with  the  names  of  Elysium 
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'  J^       '^•nLk^x.axLLZi  i^Tcvr  nzws  KeoABDisa  mass. 

■*  """^^  r^«r  n:Iiaarv  inaanv  «liKuUbe«  jiiid  disappears  at 
J*  -MRttaa  .Kw  .t  -a*  .ia*i-.  tatl  »  maAmcd  in  the  iDommg  and 
--TOiia  --  ,  »r^  nrsrti  -icaciwL  It  is  possible  that  they  may  be 
.r.^    '     "*<-    •'^M*^  1^  TOO«-  ?«no«i  flf  termtrial  cloads  where 

•— '  .»■  ;aii...JB*  ■-  -1*  «n  wncar  vhite.  But  Tanons  obserra- 
.•■>.  .^a     *  - .    ,mK  -tar  m^  ve  iea^a^  lacber  with  a  rfain  vol  of  fop 

•^.xM  .  -tr^  uKiw  L-w.  -aeTT-as  Mdniu  and  rain.  Indeed,  it 
-kv    -  aMf"  -       i^iwa     Muiesskr.uB  of  rapor  under  ihe  form  of 

-jB-^nt-iucr  ^  ar  j»  n-  «»-  V  peraitted  to  argue  from  tbe 
•*«^^^  -^■'~'-  •-  :-a»£^  •-  Jljr*  masK  resemble  chat  of  a  clear  day 
;_i— u.  j:  -  -t-  »  TJ*y  *tntag  stitar  ntdiatioD,  hardly 
"- r  ^Ji^nJ  *  eophjos  radiatiem  from  the 
'Tsu.^.tf  that  a  vtrj  marked  refnger- 
les.  toA  zreat  changes  of  temperature 
-  MadoB  t«  aaocher.  And  as  on  the 
•-  ••  3ielcr»  i:j)iw  to  20,000  feet)  the 
-?:«« -joXy  int.>  the  !^>lid  form,  prodnc- 
_  mind  crystals  which  we  call  cirrus 
xxt  *  3ars  ic  woold  be  rarely  possible  (or 

-  --  :=u  ■»fl«Don*  (rf  elood  capable  of  pro- 

-  aimcK.  The  variation  of  the  temperatiii-e 
.  >  ou&bly  inercaaed  by  their  long 
and  che  ;£mt  freezing  and  melting 

~-:i-i.   r    f^wi   a  torn  ac  tlie  pi>Ies  at  each  complete 

"2?     -^  .jTrtoi.   TtK  ion. 

i-    irB-K-TifiBsi.  =  s  >Bi«al  topt^ETAphy  Mars  does  not 

:.:.  _^  "  .1  ~zjt  -»rta.    -i  chinl  t>t'  its  sorface  is  occopied 

„  ~  _i»^T.«i  ■■^-va  is  ■ffiwwn  witii  many  islands,  and 

.  ..-^    isz   r.     '-  ~-^  -UhL  ramiUcaCioas  of  rarious  forms. 

-_  — .J--  -i--^'n   •ei--aiS  an  entire  ^ries  of  sronll  iutemal 

:     :•      _-TiK--t  JMJ -hw  Tyrrfaennm  conimnnicatR  with  i^ 

,   -^  — ._^    -K    '  ■irintn   tbe  Sireaojn,  and  the  Solis 

^  -^  ■ -sm,  -    :    :      .■   ly  means  of  narrow  canab.   We  shall 

.    __^      ^  ,    ,ija.V.  imuigenwnt-  which  certainly  is  not 

-    - . .  ■  -  -fwuii  "s  the  corresponding  position  of 

•-■-■a,  wd  Atlantis.    The  color  of  the 

■.  -  .-li  wTh  gray,  bat  not  always  of 

-     -'-  "WW  ia  the  same  place  at  all 

---"«i  Ti'  i  lightpfiiyor  to  an 

—  — .     to~e  its  origin  in  various 

^     -...    -^  «nh.  where  it  is  noted 

•>.-        nai-9  iirker  than  those 

-  ~  -uoplei.  has  a  light, 

n     u.-ob.-  ^samma.    And  thus  in 
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tlie  aea.s  of  Mara  we  see  Che  color  become  darker  wben  Che  suu  appruavlioa 
their  zeuitli,  and  summer  l>egiii»  to  rule  in  that  region. 

Alt  of  the  remainder  of  tbe  planet,  as  i'ar  as  tlie  north  x>ole,  is  occn- 
pieil  by  the  mass  of  the  continents,  in  which,  save  in  a  few  areas  of  rel- 
atively small  extent,  an  orange  color  predominates,  wbich  sometimes 
reaches  a  dark  red  tint,  and  in  others  descends  to  yellow  and  white. 
Tlie  variety  in  this  coloring  is  in  part  of  meteorological  origin,  in  i>art 
it  may  deiiend  on  tbe  diverse  nature  of  the  soil,  but  upon  its  real  cause 
it  is  not  as  yet  possible  to  frame  any  very  well  grounded  hypothesis. 
Nevertheless,  the  cause  of  this  predominance  of  the  red  and  yellow 
tmts  n]>on  tbe  surface  of  ancient  Pyrois  is  well  known.'  Some  have 
thought  to  attribute  this  coloring  to  tbe  atmosphere  of  Mars,  through 
vhich  tbe  surface  of  the  planet  might  be  seeu  colored,  as  any  terres- 
trial object  becomes  red  when  seen  through  red  glass.  But  many  facta 
are  opposed  to  this  idea,  among  others  that  the  [wlar  snows  api>eHr 
always  of  the  purest  white,  although  the  rays  of  light  derived  from 
them  traverse  twice  the  atmosphere  of  Mars  under  great  obliquity. 
We  nmst  then  conclude  that  tbe  Areau  continents  appear  red  and 
yellow  because  they  are  so  in  fact. 

Besides  these  dark  and  light  regions,  wbich  we  have  described  as 
seas  and  continents,  aud  of  whose  nature  there  is  at  present  scarcely 
left  any  room  for  doubt,  some  others  exist,  truly  of  small  extent,  of  an 
amphibious  nature,  which  sometimes  nppear  yellowish  like  the  con- 
tinents, and  are  sometimes  clothed  in  brown  (even  black  in  certain 
cases),  and  assume  the  appearance  of  seas,  whilst  in  other  cases  their 
color  is  intermediate  in  tint,  and  leaves  us  in  doubt  to  wbich  class  of 
regions  they  may  belong.  Thus  all  the  islands  scattered  through  the 
Mare  Australe  and  the  Mare  Erythrajum  belong  to  this  category;  so 
too  the  long  peninsula  called  Deucalionis  Regio  aud  PyrrhiB  Itegio, 
and  in  the  vicinity  of  the  Mare  Acidalium  the  regions  designated  by 
the  names  of  Baltia  and  Nerigos.  The  most  natural  idea,  aud  the  one 
to  which  we  should  be  led  by  analogy,  is  to  suppose  these  regions  to 
represent  hnge  swamps,  in  wbich  tbe  variation  in  depth  of  the  water 
produces  the  diversity  of  colors.  Yellow  would  predominate  in  those 
parts  where  the  depth  of  the  liquid  layer  was  reduced  to  little  or 
nothing,  and  brown,  more  or  less  dark,  in  those  places  where  the  water 
was  sufficiently  deep  to  absorb  more  light  and  to  rt.'ndcr  the  bottom 
more  or  less  iuvisible.  Tliat  the  water  of  the  sea,  or  any  other  deep 
and  transparent  water,  seen  from  above,  appears  more  dark  the  greater 
the  depth  of  the  liqoid  stratum,  and  that  the  land  in  comparison  with 
it  appears  bright  under  tbe  solar  illumination,  is  known  and  confirmed 
by  certain  physical  reasons.  The  traveler  in  the  Alps  often  has  occa- 
sion to  convince  himself  of  it,  seeing  from  the  summits  the  deep  lakes 

'Pyruia  I  take  to  bo  aoiue  teireatTial  region,  although  I  have  not  heeu  uble  tu  dud 
any  ttaDalftCiou  of  tbe  luuue. — Trutalutor. 

nigiji^CoOglc 


122  SCHUTABELU'*   laTK^T   TIKWS  KEGARIH5G   MABS. 

vttb  whirk  *fa«  nipfft  u  dtrcvn  extcadiBg  nttdet  his  feet  an  black  as 
ink.  «l).L<t  in  rt>ctf»tt  viih  thca  c^ea  tbe  bbekflet  rocks  iOamined  by 
tW  aid! i^bt  3[(pearc<i  brillaBL ' 

Not  vi:boct  Ra«>o.  ibeo.  kavv  «e  hitkoto  attriboted  to  the  dark 
sptAi  of  ]lars  the  part  of  Ma«,  aod  that  of  contJaeDtB  to  the  reddish 
atta*  whu:h  ocrapj  aearij-  tvo-thiids  of  all  the  planet,  and  we  shall 
find  Liter  CftL^r  mconjs  which  coofir^  this  Bctbod  of  reasoaing.  The 
cnntinCDta  fonn  in  the  nonbmi  beau^pherc  a  nearly  oontinaooB  mass, 
the  otily  imfvyrtant  esception  being  the  great  hike  called  the  Mare 
AcidalioM.  of  which  the  extent  say  rary  according  to  the  time,  and 
which  in  coaii««ted  in  &)me  way  with  the  innndations  which  we  hare 
aaid  were  prodoeed  by  the  atelting  of  the  snow  snrroanding  the  north 
pole.  To  the  s}>itfin  of  the  Mare  Acidalium  nndoobtedly  belong  the 
temporary  lake  called  Lacns  Byperboreos  and  the  Lacns  Kiliacos. 
This  last  is  ordinarily  separated  from  the  Hare  Acidaliiun  by  means  of 
an  isthmos  or  regnlar  dam.  of  which  the  ctmtinmty  was  only  seen  to 
be  broken  once  for  a  short  tine  in  ISSS.  Other  smaller  dark  spots  are 
fonnd  bae  and  thae  in  the  continental  area  which  we  may  designate 
as  lakes,  bnt  they  are  c^^ainly  not  permanent  lakes  like  onrs,  but  are 
Tariablc  in  appearance  and  size  according  to  the  seasons,  to  the  point 
of  wholly  disappearing  under  certain  circomstances.  Ismeuins  Lacns, 
Laase  Lacos,  Triviom  Charontis,  aud  Propontis  are  the  most  conspicn- 
OQS  and  durable  ones.  There  are  also  smaller  ones,  snch  as  Lacns 
Moeris  and  Fons  Jnventfe,  which  at  their  mazimom  size  do  not  exceed 
100  to  150  kilometers  (60  to  90  miles)  in  diameter,  and  are  among  the 
most  ditScnlt  objects  npon  tbc  planet. 

All  the  vast  extent  of  the  continents  is  fnirowed  npon  every  side  by 
a  network  of  numerous  lines  or  fine  stripes  of  a  more  or  less  pro- 
nounced dark  color,  whose  aspect  is  very  variable.  These  traverse  the 
planet  for  long  distances  in  regular  lines  that  do  not  at  all  resemble 
the  winding  courses  of  oar  streams.  Some  of  the  shorter  ones  do  not 
reach  500  kilometers  (300  miles),  others,  on  the  other  hand,  extend  for 
many  thousands,  occnpying  a  quarter  or  sometimes  even  a  third  of  a 
circnmference  of  the  planet.  Some  of  these  are  very  easy  to  see, 
especially  that  one  which  is  near  the  extreme  left-hand  limit  of  our 
map,  and  is  designated  by  the  name  of  yilosyrtis.  Others  in  turn  arc 
extremely  difficult,  and  resemble  the  finest  thread  of  spider's  web 
drawn  across  the  disk.  They  are  subject  also  to  great  variations  in 
tlieir  breadth,  which  may  reach  200  or  even  300  kilometers  (120  to 
IHO  miles)  for  the  Nilosyrtis,  whilst  some  are  scarcely  30  kilometers  (18 
niilM)  bniad. 

'This  oliBorvBtion  of  tlie  dark  color  which  deep  water  exhiUite  when  seen  from 
nbiivn  In  found  ttlrendf  noted  by  tbe  first  antbor  of  BDtiqne  memorj,  for  in  the 
Illiid  (vorooi  770-771  of  Book  V)  it  Ib  dcRcribed  how  "tbe  sentinel  from  tfae  high 
■I'lilry  box  KxI'Ciidii  hia  ulnnco  over  tlie  wine-colored  sea,  olvona  ir6vTov."  In  the 
vcnIoD  of  Mouti  tbo  uljootive  mdicuting  the  color  ia  lost. 
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These  lioes  or  stripes  are  the  famous  cauals  of  Mars,  of  vhich  so 
much  has  been  said.  As  far  as  we  have  been  able  to  observe  them 
hitherto,  they  are  certainly  fixed  conflgnratious  apon  the  planet.  The 
Niltrayrtis  has  been  seen  in  that  place  for  nearly  one  hundred  years,  and 
some  of  the  others  for  at  least  thirty  years.  Their  length  and  nrran^- 
ment  are  constant,  or  vary  only  between  very  narrow  limits.  Each  of 
them  always  begins  and  ends  between  the  same  regions.  But  their 
appearaofw  and  their  degree  of  visibility  vary  greatly,  for  all  of  them, 
from  one  opposition  to  another,  and  even  from  one  week  to  another, 
and  these  variations  do  not  take  place  simultaneously  and  according  to 
the  same  laws  for  all,  but  in  most  cases  happen  apparently  capriciously, 
or  at  least  according  to  laws  not  snfRciently  Bimpie  for  us  to  be  able  to 
unravel.  Often  one  or  more  become  indistinct,  or  even  wholly  invisi- 
ble, whilst  others  in  their  vicinity  increase  to  the  point  of  becoming 
conspicaons  even  in  telescopes  of  moderate  i>ower.  The  first  of  our 
maps  shows  all  those  that  have  been  seen  iu  a  long  series  of  observa- 
tions. This  does  not  at  all  correspond  to  the  appearance  of  Mars  at  any 
given  period,  because  generally  only  a  few  are  visible  at  once.' 

Every  canal  (for  now  we  shall  so  call  them)  opens  at  its  ends  either 
into  a  sea,  or  iato  a  lake,  or  into  another  canal,  or  else  into  the  inter- 
section of  several  other  canals.  None  of  them  have  yet  been  seen  cut 
off  in  the  middle  of  the  continent,  remaining  without  beginuing  or 
witboal  end.  This  fact  is  of  the  highest  importance.  The  canals  may 
intersect  among  themselves  at  all  possible  angles,  but  by  preference 
they  converge  toward  the  small  spots  to  which  we  have  given  the  name 
of  lakes.  For  example,  seven  are  seen  to  converge  in  Lacus  Phtenicis, 
eight  in  Trivinm  Oharontis,  six  iu  Lunte  Lacus,  and  six  in  lamenius 
Lacus. 

The  normal  appearance  of  a  canal  is  that  of  a  nearly  uniform  striije, 
black,  or  at  least  of  a  dark  color,  similar  to  that  of  the  seas,  in  which 
the  regnlarity  of  its  general  course  does  not  exclude  small  variations  in 
its  breadth  and  small  sinuosities  in  its  two  ^ides.  Often  it  happens 
that  such  a  dark  liueopeningout  upon  the  sea  iscolarge<1  into  the  form 
of  a  trumpet,  forming  a  huge  bay,  similar  to  the  estuaries  of  certain 
terrestrial  streams.     The  Margaritifer  Sinus,  the  Aonius  Sinus,  the 

■In  a  footDOt«  th«  anthor  refers  to  a  drowing  of  MarH  miulo  liy  bimaoir,  September 
l.'i,  1892,  niid  says,  -  -  -  "At  tho  tup  of  the  dUk  the  Marn  Erytbricum  and  the 
Maro  Austrsle  appear  divided  by  a  great  curved  peuinsulu,  shaped  like  a  aickle, 
producing  an  nnnsual  appearance  iD  the  area  culled  Deucalionis  Regio,  which  waa 
prolonged  that  year  so  as  to  reach  tho  islands  of  Noocbis  and  Argyre.  This  region 
fnnus  with  them  a  coutinnona  whole,  but  with  faiut  traces  of  separation  occurriug 
bero  and  there  in  a  length  of  nearly  6,000  kilometers  (4,000  miles).  Its  color,  mucb 
lew  brilliant  than  that  of  tbo  continents,  was  a  mixture  of  their  ycUow  with  tbe 
browiiish  gray  of  tho  neigbboring  Mas."  The  interestlDg  feature  of  this  note  is 
tlie  remark  that  it  was  an  nnnsnal  appearance,  tbe  region  referred  to  being  that  in 
wbich  tbe  central  branch  of  tbe  fork  of  tbo  Y  appeared.  Since  no  sncb  branch  was 
conapicnonaly  vijlble  this  year,  it  would  tberefoni  seem  from  tbe  al>ove  that  it  wait 
tbe  opposition  of  1892  that  was  peculiar,  and  not  Ihu  present  ouu. — '^an^U^MJ^. 
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Aurone  Sinus,  and  tlietwo  horns  of  the  Sabteas  Sioua  are  thns  fonned, 
at  tbe  moatlis  of  one  nr  more  canals,  opening  into  the  Mare  Ery  thneiim 
or  into  the  Hare  Aaxtrale,  The  largest  example  of  such  a  gnlf  is  the 
Hyrtis  Mi^or,  formed  by  the  vast  month  of  the  Nilosyrtis,  so  called. 
Tliifl  guUifi  not  less  than  1,800  kilometers  (1,100 miles)  in  breadth,  and 
attains  nearly  tbe  same  depth  in  a  longitudinal  direction.  Its  surface 
Is  little  lens  than  that  of  the  Bay  of  Bengal.  In  tbiscase  we  see  clearly 
the  dark  surface  of  the  sea  continned  without  apparent  intermptioa 
into  that  of  the  canal.  Inasmuch  as  the  surfaces  called  seas  are  truly  a 
liquid  expanse,  wo  can  not  doubt  that  the  canals  are  a  simple  prolouga- 
tion  of  them,  crossing  the  yellow  areas  or  continents. 

Of  the  remainder,  that  the  Hues  called  caiialsare  truly  great  furrows 
or  de])re»Hi«n8  in  the  surface  of  the  planet,  destined  for  tbe  passage  of 
the  li<)uid  luasH  aud  constituting  for  it  a  true  hydrograpLic  system,  is 
dinnnnstnitecl  by  the  phenomena  which  are  observed  during  the  inelt- 
iliK  of  the  northern  snows.  We  have  already  remarked  that  at  the 
tinit'  of  melting  they  a)i|>enred  surrounded  by  a  dark  zone,  forming  a 
o|HH<ii>H  of  (i'ni|>orary  sea.  At  that  time  the  canals  of  the  Burronnding 
M'lliun  iHHHtme  blacker  and  wider,  increasing  to  .the  jtoint  of  coiivert- 
liiK  <il  »  n>rtnin  lime  nil  of  the  yellow  region  comprised  betweeu  the 
i'dKi>  of  tlir  Hiiow  and  the  parallel  of  60°  north  latitude  into  nnmeroas 
tfilititd"  of  smtill  extent.  Such  a  state  of  things  does  uot  cease  until  the 
Nititw.  iiHtnoe*!  to  its  miuinmni  area,  cea84>s  to  melt.  Then  tbe  breadth 
tt|  1l^>  OitDiiN  diminishes,  tho  temitorary  sea  disappears,  and  the  yellow 
ti'^txt)  itKt«>*t  r\'turn»t  to  rt!«  former  area.  The  different  phases  of  these 
\<i'>l  |\hoiH«uH>ii.')  Mi-p  ivm>w<xl  at  each  return  of  the  seasons,  and  we 
vit<<v  itl>l<>  lit  otvx^cw  th^'m  in  all  their  particulars  very  easily  during 
\\\,\  ot>|^t«iu>iits  of  ISS'.*.  ISSt,  and  ISS6.  when  the  planet  presented  its 
it-MilM'ui  |^v^>  to  i(irn\-«lna1  ^itoftators.  Tbe  most  natnral  and  the 
»i»v.i  xinnvl,'  )!Hi't5Mv».*lj.*n  is  th;*t  t«  which  we  have  referred,  of  a 
uiiMt  4t>tiiid  ii!o>t  tv\'<iln<><\l  !'y  lltp  ntt'llin^  of  tbesuows;  it  is  entirely 
t.\s.>  it  «,  >t  tv  \.iv,.)'.'-.vl  )n>  o\  :do:ti  ;ina)<^'witfa  ten«strial  phenomena. 
W  .M.^ii>  ;,t,l.\  i,,\  v,.v,>\  r  j»i  ;■■,•  <>j»n,i!s  «rp  such  in  fact  and  not  only 
m  (•  >  'iv  1 .  ^^  ;  oi«>'».V  t".^::iKvi  hy  ilw^v  w*ji  ftrobably  determined  in 
n»  >>t  .,  ■\  \<\  rw  iNN'.".!.^^  .  ."  s,\*;^  iH"  r-i<>  plunot,  a&d  has  come  to  be 
•■!,'"  ;\  , '  (X'.,Mi,s;  .  .  r,.'  .s^■;  ^.-  .*:  <^-.:iirws.  Ii  is  iw>l  necessary  to 
-.1:  I-,' V  |:^  ■.  ,.  w.vt.v  1,  ",»;■.■-:  .•.-:  ^rs..  and. uotvilhstaudiug  tbe 
1  ....  1  .sv^'  ...  ■■.'  ■  i»,.«  ■  v^o  ,.;  i.".'.  ,i:  r»i-ir  syst^tt.  we  are  now 
>'  U.  .  \v  ■  N     -sv,.;  \.;  :  ^  :(.(■  t'V.V,atioaof  tbe  planet, 

.   1- ....  I   ,-  ,'*  ■;   ">■  >»\v  ,1V  !  -.i-  ivj  D.AMrel  aad  the  channel  of 

i.  «,     ■,,,..,..>.  ,■,...  ....    >,.«  ,.,    .  »,<.  ,i,,.i  ,-v,.,i,  .Ojpar<«d  aad  difficult 

..-■<..,v  .1.  V-  ,■     ,.    -■  V    ..  .s...-*,  >.  -....n,  ,^  «  :4r«i.  u}  I'm  which  per- 

''    -^  .;..>.■■  •  '   .\  •';   ..,•.■%    :  <.    1,:*..!  :i.e  i-laiMt,  if  oi^anic 

.  ■,    .^  ■,.   ...  .I...S.      ■.■! ,  V*".    ...X..    ,!>..     ,.-,,p.M'aj,cy  Ai-amrmsmXed 
,1,,,:     I  .1   ^^s-  ,.,.    ,-,   .  .,  ,v,.^  ...        x\  ,.,„     1^  ,   jvvviiiw  itifqilaced  or 
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tbeir  oatUties  become  dunbtful  and  ill  deflued,  it  is  fair  to  suppose  that 
tbe  water  is  ^tting  low  or  is  even  entirely  dried  up.  Tben,  in  place 
of  the  canals  there  remains  either  nothing  or  at  most  atripesof  yellowish 
colnr  differing  little  from  the  surronnding  background.  Sometimes 
they  take  on  a  nebulous  appearance,  for  which  at  present  it  is  not  pos- 
sible to  assigu  a  reason.  At  other  times  true  enlargements  are  produced, 
espanding  to  100,  200  or  more  kilometers  (60  to  120  miles)  in  breadth, 
anil  this  sometimes  happens  for  canals  very  far  from  the  north  pole, 
according  to  laws  which  are  unknown.  This  occorred  in  Hydaspes 
in  1864,  in  Simois  iu  1879,  in  Ackeron  in  1884,  and  in  Triton  in  188S. 
The  diligent  and  minute  study  of  the  transformations  of  «uicb  canal 
may  lead  later  to  a  knowledge  of  the  causes  of  these  effct!<. 

Bnt  the  most  surprising  phenomenon  pertaining  to  tbe  canals  of  Mars 
is  their  gemination,  which  seems  to  occur  principally  in  the  months 
which  prece<Ie  and  in  those  which  follow  the  great  northern  inunda- 
tion— at  about  the  times  of  the  equinoxes.  In  consequence  of  a  rapid 
process,  which  certainly  lasts  at  most  a  few  days,  or  eveu  perhaps, 
only  a  few  faonrs,  and  of  which  it  has  not  yet  been  possible  to  determine 
the  particulars  with  certainty,  a  given  canal  changes  its  appearance 
and  Ih  found  transformed  through  all  its  length  into  two  lines  or  uni- 
form stripes  more  or  less  parallel  to  one  another,  and  which  run  t^traight 
and  equal  with  the  exact  geometrical  precision  of  the  two  rails  of  a  rail- 
road. But  this  exact  course  is  the  only  point  of  resemblance  with  the 
rails,  because  in. dimensions  there  is  no  comparison  ]>ossible,  aa  it  is 
easy  to  imagine.  The  two  lines  follow  very  nearly  the  direction  of  the 
original  canal  and  end  in  the  place  where  it  ende<l.  One  of  these  is 
often  superposed  as  exactly  as  possible  upon  the  former  line,  the  other 
being  drawn  anew;  but  in  this  case  the  original  tine  loses  till  tbe  small 
irregularities  and  curvature  that  it  may  have  originnlly  possessed. 
But  it  also  happens  that  both  the  lines  may  occupy  opposite  sides  of 
the  former  canal  and  be  located  upon  entirely  new  ground.  The  dis- 
tance between  the  two  lines  differs  in  different  geminations  and  varies 
from  600  kilometers  (360  miles)  and  more  down  to  the  smallest  limit  at 
which  two  lines  may  appear  separated  in  large  visual  telescopes — less 
than  an  interval  of  50  kilometers  (30  miles).  The  breudth  of  the  stripes 
themselves  may  range  titim  the  limit  of  visibility,  which  we  may  sup- 
pose to  be  30  kilometers  (18  miles),  np  Ui  more  than  100  kilometers  (60 
miles).  The  color  of  tbe  two  lines  varies  from  black  to  a  light  red, 
which  can  hardly  be  distinguished  from  the  general  yellow  ba«-kgrouiid 
of  the  continental  surface.  Tbe  space  between  is  for  the  most  part 
yellow,  bat  in  many  cases  appears  whitish.  The  gemination  is  not  nec- 
essarily confined  only  to  the  canals,  but  tends  to  be  produced  also  in 
(he  lakes.  Often  one  of  these  is  seen  transformeil  into  two  short,  broad, 
dark  lines  parallel  to  one  another  and  traversed  by  a  yellow  line.  In 
these  cases  the  gemination  is  naturally  short  and  does  not  exceed  the 
Uuiits  of  tlie  original  lake. 
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Tbe  geminatiou  is  not  shown  by  all  at  the  same  time,  but  wlien  the 
season  ia  at  band  it  bet^ins  to  be  produced  liere  and  there,  in  an  isolated, 
irregalar  mniiner,  or  at  least  without  any  easily  recognizable  order.  Ia 
many  canals  (snch  as  the  N'ilOByrtta,  for  esample]  tbe  gemination  is 
lacking  entirely,  or  is  scarcely  visible.  After  having  lasted  for  some 
months,  tbe  markings  fade  out  gradually  and  disappear  until  another 
season  equally  favorable  for  their  formation.  Thus  it  happens  that  iu 
certain  other  seasons  (especially  near  the  soatbem  solstice  of  the 
planet)  few  are  seen,  or  even  none  at  all.  In  different  oppositions  the 
gemination  of  the  same  canal  may  present  different  appearances  as  to 
width,  intensity,  and  arraiig^ement  of  tbe  two  stripes;  also  in  some 
cases  tbe  direction  of  the  lines  may  vary,  although  by  the  smallest 
quantity,  but  still  deviating  by  a  small  amount  from  the  canal  with 
which  they  are  directly  associated.  From  this  important  fact  it  is 
immediately  understood  that  the  geminatiou  can  not  be  a  fixed  forma- 
tion upon  the  surface  of  Mars  and  of  a  geographical  character  like 
tbe  canals.  The  second  of  our  maps  will  give  an  approximate  idea  of 
the  appearance  which  these  singular  formations  present  It  contains 
all  the  geminations  observed  since  1883  up  to  tbe  present  time.  In 
examining  it  it  is  necessary  to  bear  in  mind  that  not  all  of  these 
appearances  were  simnltaneous,  and  consequently  that  the  jnap  does 
not  represent  the  condition  of  Mars  at  any  given  period;  it  is  only  a 
sort  of  topographical  register  of  tbe  observations  made  of  this  phe- 
nomenon at  different  times.' 

The  observation  of  the  geminations  is  ono  of  the  greatest  difficulty, 
and  can  only  be  made  by  an  eye  well  practiced  in  such  work,  added  to 
a  telescope  of  accurate  coustmction  and  of  great  power.  This  explains 
why  it  is  that  it  was  not  seen  before  1882,  In  the  ten  years  that  have 
transpired  since  that  time,  it  has  been  seen  and  described  at  eight  or 
ten  observatories.  Nevertheless,  some  still  deny  tiiat  these  phenomena 
are  real,  and  tax  with  illusion  (or  even  imposture)  those  who  declare 
that  they  have  observed  it. 

Their  siugular  aspect,  and  their  being  drawn  with  absolute  geomet- 
rical precision,  as  if  they  were  the  work  of  rule  or  compass,  has  led 
some  to  see  iu  them  the  work  of  intelligent  beings,  inhabitants  of  the 
planet.  I  am  very  careful  not  to  combat  this  supposition,  which  includes 
nothing  impossible.  (lo  mi  guarder6  bene  dal  combattere  questa  aup- 
posizione,  la  quale  nulla  include  d'  impossibile.)  But  it  will  be  noticed 
that  in  any  case  the  gemination  can  not  be  a  work  of  permanent  charac- 
ter, it  being  certain  that  iu  a  given  instance  it  may  change  its  appearance 
and  dimensions  from  one  season  to  another.  If  we  should  assume  such 
a  work,  a  certain  variability  would  not  be  excluded  from  it;  for  exam- 
ple, extensive  agricultural  labor  and  irrigation  upon  a  large  scale.  Let 
us  add,  further,  that  tbe  intervcotiou  of  intelligent  beings  might  explain 
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the  geometrical  appearauce  of  tbe  geniiDation,  but  it  is  not  at  all  ueces- 
sary  for  such  a  purpose.  The  geometry  of  nstnre  is  manifested  in  many 
other  facts  from  whicb  are  excluded  tbe  idea  of  any  artificial  labor 
whatever.  The  perfect  spheroids  of  the  heavenly  bodies  and  the  ring 
of  SatnrD  were  uot  constructed  in  a  tumiog  lathe,  and  not  with  com- 
passes has  Iris  described  within  the  cloads  her  beautiful  and  regular 
arch.  And  what  shall  we  say  of  the  infinite  variety  of  those  exqaisite 
and  regular  polyhedrons  in  which  the  world  of  crystals  is  so  rich?  In 
the  organic  world,  also,  is  not  that  geometry  most  wonderfal  which 
presides  over  the  distribution  of  the  foliage  npon  certain  plants,  which 
orders  the  nearly  symmetrical,  star-like  figures  of  the  flowers  of  the 
field,  as  well  as  of  the  animals  of  the  sea,  and  which  produces  in  tbe 
shell  such  an  exqnisits  conical  spiral  that  excels  the  most  beautiful 
masterpieces  of  Gothic  architectareT  In  all  these  objects  the  geomet- 
rical form  is  the  simple  and  necessary  consequence  of  the  principles 
and  laws  which  govern  the  physical  and  physiological  world.  That 
these  principles  and  these  laws  are  but  an  indication  of  a  higher  intel- 
ligent Power  we  may  admit,  bat  this  has  nothing  to  d*  with  tbe  present 
argument. 

Having  regard,  then,  for  the  principle  that  in  the  explanation  of 
natural  phenomena  it  is  universally  agreed  to  begin  with  the  simplest 
suppositious,  the  first  hypotheses  of  the  nature  and  cause  of  the  gemina- 
tions have  for  the  most  part  pat  In  operation  only  the  laws  of  inorganic 
nature.  Thns,  the  gemination  is  supposed  to  be  dneeither  to  the  effects 
of  light  iu  the  atmosphere  of  Mars,  or  to  optical  illusions  produced  by 
vaporsin  various  man uer8,orto  glacial  phenomenaofaperpetual  winter, 
to  whicb  it  is  known  all  tbe  planets  will  be  condemned,  or  to  double 
cracks  in  its  surface,  or  to  single  cracks  of  which  the  images  are  doubled 
by  the  effect  of  smoke  issuing  in  long  lines  and  blown  laterally  by  the 
wind.  The  examination  of  these  ingenious  suppositions  leads  us  to 
conclude  that  none  of  them  seem  to  corresinnd  entirely  with  the 
observed  focts,  either  in  whole  or  in  part  Some  of  these  hyimtheses 
wotild  not  have  been  proposed  bad  their  authors  been  able  to  examine 
the  geminations  with  their  own  eyes.  Since  some  of  these  may  ask  me 
directly,  Cau  you  suggest  anything  better!    I  must  reply  candidly.  No. 

It  would  be  far  more  easy  if  we  were  willing  to  introduce  the  forces 
pertaining  to  organic  nature.  Here  the  field  of  plansiblc  snpirasition 
is  immense,  being  capable  of  making  an  infinite  number  of  combina- 
tions capable  of  satisfying  the  appearances  even  with  the  smallest  and 
simplest  means.  Changes  of  vegetation  over  avast  area,  and  the  pro- 
duction of  animals,  also  very  small,  but  in  enoniiou&  multitudes,  may 
well  be  rendered  visible  at  such  a  distance.  An  observer  placed  in  the 
moon  wonid  be  able  to  see  soch  an  appearance  at  the  times  in  wbic!: 
ogricaltural  operations  are  carried  out  upon  one  vast  plain — the  eee<l- 
tlme  and  the  gatheiing  of  the  harvest.  In  such  a  manner  also  would 
the  flowers  of  the  plants  of  tbe  great  steppes  of  Europe  «)d  ^AfiVi  .b« 
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rendered  visible  at  the  distnnce  of  Mars — by  a  variety  of  coloring.  A 
similar  system  of  operations  produced  in  that  planet  may  tlins  certainly 
be  rendered  visible  to  us.  But  liow  diCBcnlt  for  tbe  Lunarians  and  the 
Areans  to  be  able  to  imagine  tlio  trueeauses  ofsucli  changes  of  appear- 
aitce  without  having  first  at  least  some  superficial  knowledge  of  terres- 
trial nature!  So  also  for  us,  who  know  ko  little  of  the  physical  state 
of  Mars,  and  nothing  of  its  organic  world,  the  great  liberty  of  possible 
snpposition  renders  arbitrary  all  explanations  of  this  sort  and  consti- 
tutes the  gravest  obstacle  to  the  acquisition  of  well-founded  notions. 
All  that  we  may  hope  is  that  with  time  the  uncertainty  of  the  problem 
will  gradually  diminish,  demonstrating  if  not  what  the  geminations 
are,  at  least  what  they  can  not  be.  We  may  also  confide  a  little  in 
what  Galileo  called  "tlie  courtesy  of  nature,"  thanks  to  which  a  ray 
of  light  from  an  unexpected  source  will  sometimes  illaminate  an  inves- 
tigation at  first  believed  inaccessible  to  our  speculations,  and  of  which 
we  have  a  beautiful  example  in  celestial  chemistry.  Let  ua  therefore 
hope  and  study. 
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LIGHT  AND  ELECTRICITY,  ACCORDING  TO  MAXWELL 
AHD  HERTZ.' 


By  M,  PoiNCABt.* 


It  was  at  the  moment  wheo  tlie  experimeats  of  Fresnel  were  forcing 
the  scieotiflc  world  to  admit  tliat  light  coDsiata  of  the  vibrationB  of  a 
highly  attenuated  fluid  filliug  ioterplanetary  spaces  tliat  the  tesearches 
of  Ampere  were  making  known  the  laws  of  the  mntaal  action  of  cur- 
rents and  were  so  enunciating  the  foadamental  principles  of  electro- 
dynamics. 

It  needed  but  one  step  to  the  supposition  that  that  same  fltiid,  the 
ether,  which  is  the  medium  of  luminous  phenomena,  is  at  the  same  time 
the  vehicle  of  electrical  action.  lu  imagination  Ampere  made  this 
stride ;  but  the  illnstrions  physicist  could  not  foresee  that  the  seducing 
byirathesia  with  which  he  was  toying,  a  mere  dream  for  him,  was  ere 
long  to  take  a  precise  form  and  become  one  of  the  vital  concerns  of 
exact  science. 

A  dream  it  remained  for  many  years,  till  one  day,  after  electrical 
measurements  had  become  extremely  exact,  some  physicist,  turning 
over  the  nniiierical  data,  much  as  a  resting  pedestrian  might  idly  turn 
over  a  stone,  brunglit  to  hght  an  odd  coincidence.  It  was  that  the 
factor  of  transformation  between  the  system  of  electro  statical  units 
and  the  system  of  electro-dynamical  units  was  equal  to  the  velocity 
of  light.  Soon  the  observations  directed  to  thiti  strange  coincidence 
became  so  exact  tliat  no  sane  head  could  longer  hold  it  a  mere  coinci- 
dence. No  longer  could  it  be  doubted  that  some  occult  affinity  existed 
between  optical  and  electrical  phenomena.  Perhaps,  however,  we 
might  be  wondering  to  this  day  what  this  affinity  could  be  were  it  not 
for  the  genius  of  Clerk  Maxwell. 

'  Translated  from  Annuaire  du  Bureau  dea  Longitudes,  Paris,  1894. 

*  M.  Henri  PoincarA,  one  of  tiie  leading  math«matiotaits  of  Franco,  is  tbe  anthor 
of  a  work  entitled  £le<itricit^  et  Optiqae,  in  two  vulnmes,  of  wbiob  the  first  treats  of 
the  discoveries  of  MasweJI,  the  secood  of  those  of  Hertz, 
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DIBPLACEHBNT    CCBBEHTS. 


The  reader  is  aware  that  aotid  bodies  are  divided  into  two  classes, 
ooiidiu-tors  through  which  electricity  can  move  in  the  form  of  a  galvanic 
furrent,  and  iioncuudnctors,  or  dielectrics.  The  electricians  of  former 
ditys  rvgarde<l  dielectrics  as  qnite  inert,  having  no  part  to  play  bat  that 
ol'  ulMitiuately  refusing  passage  to  electricity.  Had  that  been  so,  any 
ouv  uitntxuidiu-tor  might  be  replaced  by  any  other  without  making  any 
ditlVreiH-e  in  theithcuomena;  but  Faraday  found  that  that  was  not  the 
vastk  Two  (.Htudensers  of  the  same  form  and  dimenBions  put  into  cou- 
iMN-tHui  with  the  same  source  of  electricity  do  not  take  the  Name  charge, 
thitugh  the  tfaivkuetu  of  the  isolating  plate  be  the  same,  unless  the  mat- 
tvt-  ot'  that  i>late  be  cliemintlly  the  same.  Kow  Clerk  Maxwell  had  too 
de«<|>l^v  int  tidied  tht>  researches  of  Farwlay  not  to  comprehend  the  im[M>rt 
HUi'<<  ut'  dielectrics  and  the  imperative  obligation  to  recognize  their  active 

lUv^ltvi,  if  light  is  but  an  electric  phenomenon,  when  it  traverses  a 
Iho-kuvv^s  of  ghu<s  ele<-trical  events  moBt  take  place  in  that  glass.  And 
whtti  oaii  Im^  the  nature  of  those  eveutsf  Maxwell  boldly  auswers, 
th*\\  art\  and  must  be,  currents. 

Alt  the  exiwrience  of  liis  day  seemed  to  contradict  this.  Never  had 
t'UVivuts  lH>en  observed  except  in  condactors.  How  was  Maxwell  to 
n^«Htneilo  his  audacious  hyiMtthesJs  with  a  fact  so  well  established  as 
IhttI  t  Why  is  it  that  under  certain  rircnmstauces  those  supposed  ciir> 
ivniM  Itrtkdiice  manifest  cQiects,  while  under  ordinary  conditions  they  cau 
t)i>l  lte  ob?<«>rved  at  all. 

T\w  ttuMWor  was  that  dielectrics  resist  the  passage  of  electricity  not 
ntt  luuoh  UHtrv  than  ctniductors  do,  but  in  a  different  manner.  MaxwelPs 
Ikbvt  H  ill  tH<>ol  Ih<  un(ler^ti.HHl  by  a  comittriaon. 

It'  wi^  Wild  a  sprinjr.  we  meet  a  resistance  which  increases  the  more 
i\w  !«|»i  i»j£  i*  Wudcil.  S«K  if  we  can  only  dispose  of  a  finite  force,  a 
Uktttllt^ht  wtll  i'tuu*'  when  the  motion  will  cease,  equilibrium  being 
U'-\»'liod,  t'liiallj-,  wlu-u  the  fintf  i-enses  the  spring  will  in  flying  back 
ii"UiM^  lliv  \\l»ilc  4kl'  (he  eutTKy  which  has  been  expended  in  bending  it. 

Mu|'|>ttM\tut  lh«M>(lit't-  httnd,  that  we  wish  to  displace  a  body  plunged 
(itlii  w'tloi'  tlt^i'e  itKain  a  n>^.<itam-e  will  be  experienced,  but  it  will  not 
i,«  (lit  itiMt'itmikt  til  iivpurth'ii  as  the  biHly  ad^'auces,  snpimsing  it  to  be 
iiitim'tim^tl  ut  It  tx'HstiUit  veliftty.  So  long  as  the  motive  force  acts, 
t.i|itili1>iitittt\Mlt  n(<vvt\  itiou,  t>t>;t((aiued:  nor  when  the  force  is  removed 
tiilt  ll<t>  tu'tiv  lit  llio  hM'«t  tcml  ti>  return,  nor  can  any  portion  of  the 
'  II.  i.,t  t  vi't-iitU'sl  tv  nvNivuxst.  It  will,  in  fact,  have  been  converted  into 
Ih  11  Ut  (l'i>M«-*>.MU  *'l  thovtutvr. 

till' ixitl'.tii  i«|>l.kiiii  an^t  ne>.Ht^'hl  to  di.<^ttngiush  elastic  resistance 
.(I'll  lit  I'l  nnis  I' wilt:  t  tuts*  teruis.  we  niikv  express  Maxwell's 
<it\  itiu  Ol  tl  tUi'lvvti  ivH  ottiNT  au  cListic  rasi^auce,  ooadnctors  a 
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viscous  resiBtatice,  to  tbe  movements  of  electricity.  Hence,  there  are  two 
kindtt  of  uurreuts;  currents  of  displacement  which  traverse  dielectrics 
auil  ordinary  currents  of  condnction  which  circulate  in  conductors. 

Currents  of  the  first  kind,  having  to  overcome  an  elastic  resistance 
which  continually  increases,  naturally  can  laat  but  a  very  short  time, 
since  a  state  of  equilibrium  will  quickly  be  reached. 

Currents  of  conduction,  on  the  other  hand,  having  only  a  viscoas 
resistance  to  overcome,  must  continue  so  long  so  there  is  uny  electi'o- 
motive  force. 

Let  US  retani  to  the  simile  used  by  M.  Coma  in  his  notice  in  the 
Auuuaire  do  Bureau  des  Longitades  for  1893.  Suppose  we  have  in  a 
reiiervoir  water  under  pressure.  Lead  a  tube  plumb  downward  into  the 
reservoir.  The  water  will  rise  in  the  tube,  but  the  rise  will  stop  when 
hydrostatic  equilibrium  is  attained — that  is,  when  the  downward  pres- 
sure of  the  water  iu  the  tube  above  the  point  of  application  of  the  lirst 
pressure  on  the  reservoir,  and  due  to  the  weight  of  the  water,  balances 
that  first  pressure.  If  the  pipe  is  large,  there  will  be  no  friction  or 
loss  of  head,  and  the  water  so  raised  can  bo  used  to  do  work.  That 
represents  acurrent  of  displacement. 

If,  on  the  other  band,  the  water  flows  out  of  the  reserv'oir  by  a  hori- 
zontal pipe,  the  motion  will  go  on  till  the  reservoir  ia  emptied;  but  if 
the  tube  is  smalt  and  long  there  will  be  a  gre^it  loss  of  energy  and  con- 
siderable prodnction  of  heat  by  friction.  That  represents  a  current  of 
conduction. 

Though  it  would  be  vain,  not  to  say  idle,  to  attempt  to  represent  all 
details,  it  may  be  said  that  everything  happens  just  an  if  tbe  currents 
of  displacement  were  acting  to  bend  a  multitude  of  little  springs. 
When  the  cnrreots  cease,  electrostatic  equilibrinm  is  established,  and 
the  springs  are  bent  the  more,  the  more  intense  is  the  electric  field. 
Tbe  accumulated  work  of  the  springs — that  is,  the  electrostatic  energy — 
can  be  entirely  restored  as  soon  as  they  can  unbend,  and  so  it  is  that 
we  obtain  mechanical  work  when  we  leave  the  conductors  to  obey  the 
electrostatic  attractions.  Those  attractions  must  be  due  to  the  pressure 
exercised  on  tbe  conductors  by  the  bent  springs.  Finally,  to  pursue 
the  image  to  the  death,  the  disruptive  discharge  may  be  compared  to 
the  breaking  of  the  springs  when  they  are  bent  too  nmch. 

On  the  other  hand,  tbe  energy  employed  to  pn>duce 'conduction  cur- 
rents is  lost,  being  wholly  converted  into  heat,  like  that  spent  in  over- 
coming the  viscosity  of  fluids.  Hence  it  is  that  the  conducting  wires 
become  heated. 

I'Vom  Maxwell's  point  of  view  it  seems  that  all  cnrrents  are  in  closed 
circuits.  The  older  electricians  did  not  so  opine.  They  regarded  the 
current  circulating  in  a  wire  joining  tbe  two  poles  of  a  pile  as  closed; 
bat  if  in  place  of  directly  uniting  the  two  poles  we  place  them  in  com- 
munication with  the  two  armatures  of  a  condenser,  the  momentary 
current  which  lasts  while  tbe  condenser  is  getting  charged  was  not 
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coosiilered  as  a  coirrat  roand  a  cloeed  circoit.  It  went,  they  thought, 
from  oDe  araatuie  tliroagb  the  wire,  the  battery,  the  other  wire,  to  the 
other  armature,  aod  there  it  stopped.  Maxwell,  ou  the  coutraiy,  sup- 
posed that  in  the  rorm  of  a  current  of  displacement  it  passes  through 
the  noncondacting  plate  of  the  condenser,  aiid  thut  precisely  what 
brings  it  to  cessation  is  the  <^iiosite  electromotiTe  force  set  up  by  the 
displacement  of  electjicicy  iu  this  dielectric. 

C'anents  become  sensible  in  three  ways — by  their  heating  effects,  by 
their  actitHis  on  other  currents  and  ou  magnets,  and  by  the  induced 
currents  to  which  they  give  rise.  We  have  seen  why  currents  of  con- 
ductiou  develop  beat  and  why  corrents  of  dispincement  do  not.  Bnt 
Maxweir^  hypothetical  currents  oa^t  at  any  rate  to  produce  eleetro- 
maguetio  and  inductive  effects.  Why  do  these  effects  not  appearf 
The  answer  is,  that  it  is  because  a  current  of  displaeemeut  can  not  last 
long  enough.  That  is  to  say,  they  can  not  last  long  iu  one  direction. 
Consequently  iu  a  dielectric  no  current  can  long  exist  without  alterna- 
tion. Bnt  the  eflects  ought  to  and  will  become  observable  if  the  current 
is  continually  reversed  at  sufficiently  short  intervals. 

THE  MATCBE  OP  UGHT. 

Such,  iM^cordiugtu  Maxwell,  is  the  origiu  of  light.  A  lumiuiferous 
wave  is  u  series  of  alteruatiug  currents  produced  iu  dielectrics,  iu  air, 
or  eveu  in  the  iuterplauetary  void,  aud  reversed  in  direction  a  million 
i>f  millions  of  times  per  second.  The  enormous  induction  due  to  these 
tVequent  alteruatious  sets  up  other  currents  in  the  neighboring  parts 
of  the  dielectric,  and  so  the  waves  ure  proi>agated. 

Calculation  shows  that  the  velocity  of  propagation  would  be  etiual 
to  the  ratio  of  the  nuits,  which  we  know  is  the  velocity  of  light. 

Those  alternative  currents  are  a  sort  of  electrical  oscillatiuti.  Are 
they  longitudinal,  like  those  of  sound,  or  are  they  transversal,  like  those 
of  Fresnel's  ether!  In  the  case  of  sound  the  air  undergoes  alterna- 
tive condensations  aud  rarefactions.  The  ether  of  Fresnel,  on  the  other 
hand,  behaves  as  if  it  were  com])osed  of  incompressible  layers  capable 
only  of  slipping  over  one  another.  Were  these  currents  in  open  paths, 
(lu)  electricity  carried  from  oue  end  to  the  other  would  become  accu- 
iimlated  at  one  .extremity.  It  would  thus  be  condensed  aud  rarefied 
like  nil',  and  its  vibralinns  would  be  longitudinal.  But  Maxwell  ouly 
admits  currents  in  closed  circuits;  accumulation  is  imj>osBible,  and 
electricity  behaves  like  the  iucompressible  ether  of  Fresnel,  with  its 
transversal  vibrutioiis. 

EXPEBIMRNTAL   VBBIPIOATION. 

We  thus  obtain  all  the  results  of*  the  theory  of  waves.    Yet  this 
WHS  not  enough  to  decide  the  physicists  to  adopt  the  ideas  of  Max- 
It  was  ii  seductive  hypothesis;  but  physicists  consider  hyi>othe- 
hich  lead  to  uo  distinct  observatioDal  consequences  as  beyoud 
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the  borders  of  tbeir  province.    That  province,  so  defined,  no  experi- 
mental confirmation  of  Maxwell's  theory  invaded  for  twenty -five  years. 

Wbat  was  wanted  was  some  issne  between  the  two  tlieories  not  too 
delicate  for  our  coarse  methods  of  observation  to  decide.  There  was 
bnt  one  line  of  research  along  which  any  experimentum  crucis  was  to 
be  met  with. 

The  o)d  electro-dyDamics  makes  electro-magnetic  indnction  take 
/  place  instantaneously;  bnt  according  to  Maxwell's  doctrine  it  propa- 
/    gates  itself  with  the  velocity  of  Ugbt. 

,'  The  point  was  then  to  measure,  or  at  least  to  make  certain,  a  velocity 

',     of  propagation  of  inductive  effects.    Tbis  is  wbat  the  illustrious  Uer- 
^\jDan  physicist  Hertz  has  done  by  the  method  of  interferences. 

The  method  ia  well  known  in  its  application  to  optical  phenomena. 
Two  luminous  rays  from  one  identical  center  interfere  when  they  reach 
the  same  point  after  pursuing  paths  of  diflbreat  lengths.  If  the  difi'er- 
ence  is  one,  two,  or  any  whole  number  of  wave  lengths,  the  two  lights 
reenforce  one  another  so  that  if  their  intensities  are  equal,  that  of  their 
combination  is  fonr  times  as  great.  Bnt  if  the  difTerence  is  an  odd 
number  of  half  wave  lengths,  the  two  lights  extingnish  one  another. 

Lumimferous  waves  are  not  pecaliar  in  showing  this  phenomenon;  it 
belongs  to  every  i>eriodic  change  which  is  proimgated  with  definite 
velocity.  Sound  interferes  just  as  light  does,  and  so  must  electro- 
dynamic  induction  if  it  is  strictly  periodic  and  has  a  definite  velocity 
of  proi>agation.  But  if  the  propagation  is  instantaneous  there  can  be 
no  interference,  since  in  that  case  there  is  no  fluite  wave  length. 

The  phenomenon,  however,  could  not  be  observed  were  the  wave 
length  greater  than  the  distance  within  which  induction  is  sensible. 
It  is  therefore  requisite  to  make  the  period  of  alternation  as  short-as 
possible. 

BLECTEIOAL  EXCITERS. 

We  can  obtain  such  currents  by  means  of  an  apparatus  which  con- 
stitutes a  veritable  electrical  pendulum.  Let  two  conductors  be  united 
by  a  wire.  If  they  have  not  the  same  electric  i>oteutial  the  electrical 
equilibrium  is  disturbed  and  tends  to  restore  itself,  jnst  as  the  molar 
equilibrium  is  disturbed  when  a  pendulum  is  carried  away  from  the 
position  of  repose. 

A  current  is  set  up  in  the  wire,  tending  to  equalize  the  potential,  just 
as  the  pendulum  begins  to  move  so  as  to  be  carried  back  to  the  position 
of  repose.  Bnt  the  pendulom  does  not  stop  when  it  reaches  that  posi- 
tion. Its  inertia  carries  it  farther.  Xor,  when  the  two  electrical  con- 
ductors reach  the  same  potential,  does  the  current  in  the  wire  cease. 
-  Tlie  equilibrium  instantaneously  existing  is  at  once  destroyed  by  a 
canse  analogous  to  inertia,  namely  self-induction.  We  know  that  when 
a  current  is  interrupted  it  gives  rise  in  parallel  wires  to  an  induced  cur- 
rent in  the  same  directiou.    The  same  effect  is  produced  in  the  eircait 
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itself,  if  that  is  not  broken.  In  otLer  words,  a  curreiit  vill  pernist  after 
the  cessation  of  its  causes,  jast  as  a  moving  body  does  not  stop  the 
instant  it  is  no  longer  driven  forward. 

When,  tben,  tbe  two  potentials  become  equal,  the  current  will  go  on 
and  give  the  two  conductors  relative  charges  opposite  to  those  tbey  had 
at  first.  In  tbin  case,  as  in  that  of  the  pendalum,  the  position  of  eqai- 
libriiiin  is  passed,  and  a  return  motion  is  inevitable.  Equilibrium, 
again  inBtantaueonsIy  attained,  is  at  once  agaiu  broken  for  the  same 
reason^  and  so  tbe  oscillations  pursue  one  another  unceasingly. 

Calculation  shows  that  the  i>eriod  depends  on  the  capacity  of  the  con- 
ductors in  such  a  way  that  it  is  only  necessary  to  diminish  that  capacity 
sufficiently  (which  is  easily  done)  to  have  an  electric  pendulum  capable 
of  producing  an  alternating  current  of  extremely  short  jjeriod. 

All  that  was  well  enough  known  by  the  theoretical  researches  of 
Lord  Kelvin  and  by  the  experimentation  of  Federsen  on  the  oscillatory 
discharge  of  the  Leyden  Jar.  It  wivs  not  that.which  constituted  tbe 
originality  of  Hertz. 


But  it  is  not  enough  to  constnict  a  pendulum;  it  is  further  requisite 
to  set  it  into  oscillation.  For  that,  it  is  necessary  to  carry  it  ofl'  from 
ei|iiilibrium  and  to  let  it  go  suddenly,  that  ia  to  say,  to  release  it  in  a 
time  short  as  compared  to  tlie  period  of  its  oscillation. 

For  if,  having  pulled  a  pendulum  to  one  side  by  a  string,  we  were  to 
let  go  of  the  string  more  slowly  than  the  i>endulnm  would  have 
descended  of  itself,  it  would  reach  the  vertical  without- momentum,  and 
no  osi^illation  would  be  set  up. 

In  like  manner,  with  an  electric  pendulum  whose  natural  period  is, 
say,  a  hundred-millionth  of  a  second,  no  mechanical  mode  of  release 
would  answer  the  purpose  at  all,  sudden  as  it  might  seem  to  us  with 
our  more  than  sluggish  conceptions  of  promptitude.  How,  then,  did 
Hertz  solve  the  problem  T 

To  return  to  our  electric  pendulum,  a  gap  of  a  few  millimeters  is 
made  in  the  wire  which  joins  the  two  conductors.  This  gap  divides  our 
apparatus  into  two  symmetrical  parts,  which  are  connected  to  the  two 
poles  of  a  Kubmkorft'  coil.  The  induced  current  begins  to  charge  the 
two  conductors,  and  the  difference  of  their  potential  increases  with 
relative  slowness. 


LIGHT  AND  BLECTBICITT.  135 

At  first  the  gap  preveuts  n  discharge  from  thecoudactors;  the  air  in 
it  plays  the  r6Ie  of  ioButator  and  maintaius  our  pendulum  in  a  positioa 
diverted  Irom  that  of  e()uilibnntn. 

But  wheo  the  difference  of  po*:entia)  becomes  great  euoagh,  a  spark 
will  jnmp  across.  If  the  self-inductiou  is  great  enough  and  tlie  capacity 
and  resistance  small  enough,  there  will  be  an  oscillatory  discharge 
whose  period  can  be  brought  down  to  a  bundred -millionth  of  a  second.. 
The  r>scillatory  discharge  would  not,  it  is  true,  last  long  by  itself;  but 
it  is  kept  up  by  the  Bahmkorff  coil,  whose  current  is  itself  oscillatory 
with  a  period  of  about  a  hundred-thonsandtli  of  a  second,  and  thus 
the  pendulum  gets  a  new  impulse  as  often  as  that. 

The  instrument  just  described  is  called  a  resonance  exciter.  It  pro- 
dacea  oscillations  which  are  reversed  from  a  hundred  million  to  a  thou- 
sand million  times  per  secoud.  Thanks  to  this  extreme  frequency,  tlicy 
can  produce  inductive  effects  at  great  distances.  To  make  these  effects 
sensible  another  electric  pendulum  is  used,  called  a  resonator.  In  this 
the  coil  is  suppressed.  It  consists  simply  of  two  little  metallic  spheres 
very  near  to  one  another,  with  a  long  wire  connecting  them  in  a  round- 
about way. 

The  induction  due  to  the  exciter  will  set  the  resonator  in  vibration 
the  more  intensely  the  more  nearly  the  natural  periods  of  vibration  are 
the  same.  At  certain  phases  of  the  vibration  the  difTerencc  of  poten- 
tial of  the  two  spheres  will  be  just  great  enough  to  cause  the  sparks  to 
leap  across. 

PBODtrOTIOM   OF  THE   INTEBPEBBNCES. 

Thus  we  have  an  instrument  which  reveals  the  inductive  waves  which 
radiate  from  the  exciter.  We  can  study  them  in  two  ways.  We  may 
either  expose  the  resonator  to  the  direct  inductiou  of  the  exciter  at  a 
great  distance,  or  else  make  this  induction  act  at  a  small  distance  on  a 
long  conducting  wire  which  the  electric  wave  will  follow  aud  which  in 
its  turn  will  act  at  a  small  distance  on  the  resonator. 

Whether  the  wave  is  propagated  along  a  wire  or  across  the  air,  inter- 
ferences can  be  produced  by  redcction.  In  the  first  case  it  will  be 
reflected  at  the  extremity  of  the  wire,  which  it  will  again  pass  through 
in  the  opposite  direction.  lu  the  secoud  case  it  can  be  redccted  on  a 
metallic  leaf  which  will  act  as  a  mirror.  In  cither  case  the  reflected 
ray  will  interfere  with  the  direct  ray,  and  positions  will  be  found  in 
which  the  spark  of  the  resonator  will  be  extinguished. 

Experiments  with  a  long  wire  are  the  easier  and  furnish  much  valu- 
able information,  but  they  can  not  furnish  an  experimeutum  crucis, 
since  in  the  old  theory,  as  in  the  new,  the  velocity  of  the  electric  wave 
in  a  wire  should  be  equal  to  that  of  light.  But  exjierimeiits  on  direct 
induction  at  great  distances  are  decisive.  They  not  only  show  that 
the  velocity  of  propagation  of  induction  across  air  is  finite,  hut  also 
that  it  is  equal  to  the  velocity  of  the  wave  propagated  along  a  wire, 
conforioably  to  the  ideas  of  Maxwell.  ^  CoOqIc 
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SYNTHESIS  OP  LIGHT. 

I  shall  iuBist  lesson  other  experimeiit^ of  Hertz,  tnoro brilliant  bnt 
less  instructive.  Couceiitrating  with  a  parabolic  mirror  tlie  wave  of  in- 
duction that  emanates  from  the  exciter,  the  German  phynicist  obtained 
a  ti'ut^  pencil  of  rays  of  electric  force,  susceptible  of  regular  reflection 
and  refraction.  These  rays,  were  the  i)eriod  but  one-millioath  of  what 
it  is,  would  not  diCFcr  from  raysof  light.  Wo  know  that  the  sun  sends 
us  several  varieties  of  radiatious,  some  luminiferous,  siuce  they  act  on 
the  retina, others  dark,  infra-red,  or  nltra-violet^whicb  reveal  themselves 
in  chemical  and  calorific  effects.  The  first  owe  the  qnnlitios  which  ren- 
der tlieni  seusible  to  us  to  a  physiological  chance.  For  tbe  physicist, 
the  infni-rcd  differs  from  red  only  as  red  differs  from  green;  it  simply 
has  a  greater  wave  length.  That  of  the  Hertzian  radiations  is  far  greater 
still,  but  they  are  mere  differences  of  degree,  and  if  the  ideas  of  Clerk 
Maxwell  are  true,  the  illustrious  professor  of  Bonn  has  eQ'ected  a 
genuine  syntbesis  of  light. 

CONCLUSION. 

Nevertheless,  our  admiration  for  such  anhoped-for  sncceases  must 
not  let  us  forget  what  remains  to  be  accomplished.  liCt  us  endeavor  to 
take  exact  nccount  of  the  results  definitely  acquire«l. 

In  the  iirst  place,  the  velocity  of  direct  induction  through  air  is  finite; 
for  otherwise  interferences  could  not  exist.  Thus  tbe  old  electrody- 
namics is  condemned,  Bnt  what  is  to  be  sot  up  in  its  placet  Is  it  to 
bo  tbe  doctrine  of  Maxwell,  or  rather  some  approximation  to  that,  for 
it  would  be  too  much  to  snppose  that  he  had  foreseen  the  truth  in  all 
its  details  T  Though  the  probabilities  are  accumulating,  no  complete 
demonstration  of  that  doctrine  has  ever  attained. 

We  can  measure  the  wave  length  of  tbe  Hertzian  oscillations.  That 
length  is  the  product  of  the  period  into  the  velocity  of  propagation. 
We  should  know  the  velocity  if  wc  knew  the  period;  but  this  last  is  so 
minute  that  we  can  not  measure  it;  we  can  only  calculate  it  by  a  for- 
mnla  due  to  Lord  Kelvin,  That  calculation  leads  to  figures  agreeable 
to  tbe  theory  of  Maxwell;  but  tbe  last  doubts  will  only  be  dissipated 
when  the  velocity  of  propagation  has  been  directly  measared.  (See 
Note  I.) 

But  this  is  not  all.  Matters  are  far  from  being  as  simple  as  this 
brief  account  of  the  matter  would  lead  one  to  think.  There  are  vari- 
ous com  plication  .'4, 

In  the  first  place,  there  is  around  the  exciter  a  true  radiation  of 
induction.  The  energy  of  tbe  apparatus  radiates  abroad,  and  if  no 
sonrce  feeds  it,  it  quickly  dissipates  itself  and  the  oscillations  are  rap- 
idly extinguished.  Hence  arises  the  phenomenon  of  multiple  reso- 
nance, discovered  by  Messrs.  Sarasin  and  De  la  Bive.  which  at  first 
seemed  irreconcilable  with  tbe  theory, 
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On  the  otlier  band,  we  know  that  light  does  not  exactly  follow  tlie 
laws  of  geometrical  opties,  and  the  discrepancy,  due  lo  diffractJOD, 
increases  proportionately  to  tbe  wave  leogtb.  With  the  great  waves 
of  the  Hertzian  undulations  these  pbeuomena  must  assume  enormous 
importance  and  derange  everything.  It  is  doubtless  fortunate,  for  the 
moment  at  least,  that  our  means  of  observation  are  aa  coarse  as  they 
.ire,  for  otherwise  the  simplicity  whicl)  struck  us  would  give  place 
to  a  dedalian  complexity  in  which  we  should  lose  our  way.  Ko  doubt, 
ii  good  many  i>erplesing  anomalies  have  been  due  to  this.  For  the 
same  reason  the  experiments  to  prove  a  refraction  of  the  electrical 
waves  can  hardly  be  considered  as  demonstrative. 

It  remains  to  S|)eak  of  a  difficulty  still  more  grave,  though  dtmbtless 
not  insurmountable.  According  to  Maxwell,  tbe  coefficient  of  electro- 
static induction  of  a  transparent  body  onght  to  be  equal  to  the  square 
of  its  index  of  refraction.  Xow  this  is  not  so.'  The  few  bodies  which 
follow  Maxwell's  law  are  exceptions.  The  phenomena  are  plainly  (ax 
more  complex  than  was  at  first  thought.  But  we  have  not  yet  been 
able  to  make  out  how  matters  stand,  and  the  experiments  conflict  with 
one  another. 

Much,  then,  remains  to  be  done.  The  identity  of  light  with  avibra- 
tory  motion  in  electricity  is  henceforth  something  more  than  a  seductive 
hypothesis;  it  is  a  probable  truth.    But  it  is  not  yet  quite  proved. 

Note  I. — Since  the  above  waa  written  another  great  step  has  been 
taken.  M.  Blondlot  has  virtually  succeeded,  by  ingenious  experimental 
contrivances,  in  directly  measuring  the  velocity  of  a  disturbance  along 
a  wire.  The  number  found  differs  little  from  the  ratio  of  the  units; 
that  is,  from  the  velocity  of  light,  which  is  ;}00,000  kilometers  iter  sec- 
ond. Since  the  interference  experiments  made  at  Geneva  by  Messrs, 
Sarasin  and  De  la  Kive  have  shown,  as  I  said  above,  that  induction  is 
propagated  in  air  with  tbe  same  velocity  as  an  electric  disturbance 
which  follows  a  conducting  wire,  we  must  conclude  that  the  velocity  of 
the  induction  is  the  same  as  that  of  light,  which  is  a  confirmation  of 
the  ideas  of  Maxwell. 

M.  Fizeau  had  formerly  found  for  the  velocity  of  electricity  a  number 
Tat  smaller,  about  180,000  kilometers.  But  there  is  no  contradiction. 
The  currents  used  by  M.  Fizeau,  though  intermittent,  were  of  small 
frequency  and  penetrated  to  the  axis  of  the  wire,  while  the  currents  of 
M.  Blondlot,  oscillatory  and  of  very  short  period,  remained  sn]>erficial 
and  were  confined  to  a  layer  of  less  than  a  hundre<lth  of  a  millimeter 
in  thickness.  One  m.iy  readily  suppose  the  laws  of  propagation  are  not 
the  same  in  the  two  cases. 

Note  II. — I  have  endeavored  above  to  render  the  explanation  of  the 
electrostatic  attractions  and  of  the  phenomena  of  induction  comprehen- 
sible by  means  of  a  simile.  Now  let  us  see  what  Maxwell's  idea  is  of 
the  cause  which  produces  the  mutual  attractions  of  currents. 

'That  is,  It  Is  not  »  when  we  make  the  cftlcDlation  wltb  the  iodexea  of  reftacttpn 
of  the  iTKVaa  of  visible  light.— Traiitila tor.  1 1  v  l-nOOgi  C 
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Wi.lK  rike  «Vx£m««A:ir  xtzr^ttitm^aartak^tn  tobedae  to  a  mnltitade 
at  '.."If:  *%r.r.g*—<t*c  ■-*  m  *aj.  to  ifa«H*stkilvof  tb«  fiber — it  is  8ni>- 
IKxc4  to  be  tbf:  li^ir;  fiinc  ac>I  irj^raa  of  tbe  ssmc  fluid  whicb  prodace 
tbe  pbcsootesa  «f  htdnrnoa  aa<l  ci^^trodpamcal  HTcrts. 

Tbe  MiKi'fe'te  calralatMa  »  (ar  t->o  extesd«d  for  tbea«  pages,  an*!  I 
■lull  agMa  eoatcst  mj^f  wiiu  a  ^:aii!e.  I  sfaall  borrow  it  from  a  well- 
knovn  ir.*tniR!^i>t — the  cenvrifazal  coventor. 

Tbe  liTiiij;  £>rre  of  thL«  apforanu  t^iirapoctional  to  tbe  square  of  the 
aajmlar  \flonty  and  t»  the  Moare  of  tbe  distance  of  the  ballR. 

AMnrdin^  to  the  hviiotbesi'  <>r  Maiwell.  tbe  ether  is  io  motion  in 
gzlvauir  cumntn.  ao>l  ii.f  Unng  Ibrcc  is  proportional  to  the  sqoare  of 
tbe  tDtett^it;  of  tbe  mrrent.  whieb  thnx  owrespond.  in  the  parallel  I 
am  endfarorin^  to  eistaMi^h.  to  tbe  augnlar  Telocity  of  rotation. 

If  we  consider  two  enrtents  in  the  same  dirvction.  the  living  force, 
Titb  e«|iial  iotenisty,  will  be  greater  the  nearer  the  currents  are  to  one 
another.  If  tbe  earrents  have  opposite  directioD^  the  living  force  will 
be  greater  the  farther  tbey  are  apart. 

In  ordn  to  increase  (he  angular  velocity  of  the  regnlator  and  con- 
sequently its  living  force,  it  is  necessary  to  supply  it  with  energy  and 
Got»eqaeutly  to  overcome  a  resistance  which  we  call  its  inertia. 

In  the  same  way,  in  order  to  increase  the  intensity  of  a  current,  we 
mnsl  angment  tbe  living  force  of  tbe  ether,  and  it  will  be  necessary  to 
supply  it  with  energy  and  to  overcome  a  resistance  which  is  nothing 
but  the  inertia  of  the  ether  and  which  we  call  the  induction. 

The  living  force  will  be  greater  if  tbe  cnirents  are  in  tbe  same  direc- 
tion and  near  together.  Tbe  energy  to  be  furnished  tbe  counter  electro- 
motive force  of  induction  will  be  greater.  This  iswhat  weespresswheo 
we  say  that  the  mntual  action  of  two  cnrrente  is  to  be  added  to  their 
self-indnctioit.  Tbe  contrary  is  the  case  when  their  directions  are 
o]>posite. 

If  we  separate  tbe  balls  of  the  regulator,  it  will  be  necessary,  in 
order  to  maintain  tbe  angular  velocity,  to  (rimisb  energy,  because  with 
eqnal  angular  velocity  the  living  force  is  greater  the  more  the  balls  are 
separated. 

Ill  the  same  way,  if  tvro  currents  have  the  same  direction  and 
brought  toward  one  another,  it  will  be  necessary,  in  order  to  maintain 
the  intensity  to  supply  energy,  becnuso  tbe  living  force  will  be  aug- 
mented. We  shall,  therefore,  have  to  overcome  an  electromotive  force 
of  induction  which  wilt  tend  to  diminish  the  intensity  of  tlio  currents. 
It  wonld  tend  on  tbe  contrary  to  augment  it,  if  the  currents  bad  tbe 
same  direction  and  were  carried  apart,  or  if  they  bad  opposite  direc- 
tions and  were  brought  together. 

Finally,  the  centrifugal  force  tends  to  increase  the  distance  between 
the  balls  which  would  augment  the  living  fore©  were  the  angular  veloc- 
i*"  to  be  maintained. 
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In  like  manner,  when  the  rurrents  have  the  same  direction,  they 
attract  each  other — that  is  to  say,  they  tend  to  approach  each  other, 
which  would  increase  the  living  force  if  the  intensity  were  maintained. 
If  their  directions  are  opposed  they  repel  one  another  and  tend  to 
separate,  which  would  again  tend  to  increase  the  living  force  were  the 
intensity  kept  constant. 

Thns,  the  electrostatic  efi^ts  wonid  he  due  to  the  elasticity  of  the 
ether  nnd  the  electrodynamical  phenomena  to  the  living  force.  Now, 
onglit  this  elasticity  itself  to  be  explained,  as  I^onl  Kelvin  thinks,  by 
rotations  of  small  parts  of  the  ttuidt  Different  reasons  may  render 
tfaia  hypothesis  attractive;  hut  it  plays  no  essential  part  in  the  theory 
of  Maxwell,  which  is  qnite  independeitt  of  it. 

In  the  same  w^y,  I  have  made  conii)arison8  with  divers  nieehaiiiHins. 
But  they  are  only  similes,  nnd  pretty  rough  ones.  A  complete  mechnn- 
ical  explanation  of  electrical  phenomena  i^i  not  to  be  songht  in  the 
volntaies  of  Maxwell,  but  only  a  statement  of  the  conditions  which  any 
such  explanation  has  to  satisfy.  Precisely  what  will  confer  long  life 
on  the  work  of  Maxwell  is  its  being  unentangled  with  nny  special 
mechanical  hypothesis. 
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THE  HBNBY.' 


By  T.  0.  MENDENnALL. 


On  the  2l8t  of  August,  1S93,  there  aBsenibled  in  Chicago  an  Interna- 
tioual  Congress  of  Klectriviaus,  the  transactions  of  which,  while  largely 
tecbuival  and  scientific  in  their  character,  were  in  alt  respects  iinpor- 
taot,  and  in  some  resiMWts  of  great  interest  to  the  intelligent  American 
pablic 

The  organization  of  the  congress  and  preparations  for  holding  it  in 
couDectioo  with  the  World's  Columbian  Exposition  were  well  under  way 
before  the  conception,  or  at  least  the  publication,  of  the  scheme  for 
a  series  of  so-called  "  World's  Congresses,"  the  proceedings  of  which 
vere  brought  promiueutly  to  the  attention  of  the  reading  public  during 
the  i>a8t  summer.  The  American  Institute  of  Electrical  Engineers  was 
probably  the  first  body  to  take  action  in  reference  to  an  Electrical  Con- 
gTVBs.  Cordial  cooperation  existed  between  it  and  the  Exposition 
autborities,  and  a  large  and  representative  ml  visory  committee,  embrac- 
ing nearly  all  of  the  leading  American  eiectrician.s,  together  with  many 
of  tlie  first  rank  from  foreign  countries,  was  organized,  with  Dr.  Elisha 
Gray,  of  Chicago,  as  chairman. 

It  is  not  intended,  in  this  article,  to  give  an  account  of  the  congress 
and  its  doings,  but  to  refer  to  its  organization  and  personnel  only  so 
far  aa  is  necessary  to  throw  light  upon  the  full  intent  and  meaning  of  a 
single  sentence  in  its  proceedings. 

The  number  of  representatives  of  foreign  governments  present  was 
unexiiectedly  large,  and  the  delegates  were  of  the  highest  character. 
To  one  who  has  some  familiarity  with  the  literature  of  electricity  it  will 
suffice  to  mention  the  names  of  You  Uelmhottz,  Mascart,  Preece,  Row- 
land, Bilvanns  Thompson,  Ferraris,  Ayrton,  and  Eospitalier,  among 
the  many  who  took  part  in  the  deliberations  of  the  congi-ess.  The 
honorary  president  was  Dr.  II,  von  Helmholtz,  whose  splendid  contri- 
butions to  science  cover  so  wide  a  field  that  he  would  have  been  easily 
first  in  congresses  devoted  to  the  consideration  of  several  ilepartments 
of  human  knowledge  quite  distinct  and  apart  IVom  that  of  electricity. 
In  its  internal  constitution  the  congress  differed  in  some  paiticnlars 
from  all  others  held  in  Chicago,  and  a  part  of  its  work  bail  more  of  an 
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otHinat  auid  ntenatioDat  char^teter  than  that  of  any  other.  This  was 
the  cousideration  and  t^fivbtl  ^oi'tioo  of  nameB  aud  valaes  of  anits  of 
electrical  measore. 

Notwitlistanding  the  fact  that  mora  than  a  buDdred  milliou  dollars 
are  invested  in  machines  and  in^trnments  for  the  proiluction  and  ctm- 
sninption  of  electricity  and  in  their  manafactare,  little  legislation  has 
been  had  looking  to  the  protectioo  of  producer  and  consumer  thnmgb 
accurate  measurement,  as  has  long  been  recognizetl  to  be  imperatirely 
uetvssary  in  other  cimmiercial  transactions.  It  is  true  that  the  science 
(kf  electrical  measurement  has  been  thoroughly  explored;  excellent 
ruetlMids  and  instmnients  hitve  been  devised  and  coostructed,  and  the 
norit  perfeet  system  of  nnit«  of  measure  ever  conceived  has  been  devel- 
t^tM-iI  daring  the  past  quarter  of  a  century.  These  UDits,  being  contin- 
ual ly  iu  lujeamon;;  scientific  men.  had  come  to  be  recognized  as  in  some 
dc;ii't«  authoritative  among  those  engaged  in  commercial  applications 
of  L'lectricity,  but  in  general  do  legal  values  wera  attached  to  these 
units,  and  in  ralerauce  to  two  or  three  of  them  scientific  men  were  not 
yet  in  entire  iiccurd  in  their  nomenclature  and  definition.  One  or  tvo 
cUt'ti-iciiI  uiiii{!T*?8s>-'''t  notably  that  at  Paris  iu  1881,  had  previously  cou- 
.sitli-red  these  iiuestions,  and  a  tentative  agreement  apon  some  of  the 
liuiiils  at  Issue  bad  been  reached,  but  not  much  was  accomplished  that 
u)is  ^itisliu-tury  i\nd  lasting,  except  that  an  incentive  was  created  for 
hu'lliei' and  more  accurate  investigationof  the  values  of  certain  physical 
coiistuntt*  in  doubt.  The  vesultK  of  these  investigations  and  the  general 
pru^'i  ess  of  the  si-ience  of  etectnoity  during  the  past  decade  were  such 
iii4  lu,jii.-4tity  the  belief  that  the  time  bad  now  arrived  when  an  inlema- 
tional  agreement  conld  be  rewheil  upon  definitive  values  of  the  units 
desirable  and  ne<^ess)lry  iu  electrical  measnrameut,  as  well  as  upon  the 
names  they  should  iK'ar.  To  this  end  it  was  desirable  that  the  cMisid- 
eiittion  of  sueli  imiH>rtant  questions  should  be  restricted  to  a  smaller, 
iiioie  deliberative  body  than  the  general  congress  of  electricians,  the 
iiicmbei'Hhip  of  which  reached  several  hundred.  It  was  therefwe  agreed 
U>  ereate  what  was  technically  known  as  the  chamber  of  delegates, 
M  tiicb,  us  its  name  implies,  ctmsisted  of  specially  commissioDed  dele 
HitU-M  tVom  tlie  several  (•«)uutries  I'epresented. 

hi  (his  chamber  the  United  States,  Great  Britain.  France,  and  Ger- 
Hiany  were  allowed  five  ileleg-ates  each.  Some  other  nations  were 
iilliiHcd  thriM^,  others  two.  and  some  only  one. 

'I'lm  iiiemUirH  lM)re  commissions  ftt>m  their  res|iertive  GoveiUMCuts, 
itml  Iwfnty  MX  weio  actually  in  attendance,  representing  niBediffrrent 
oitllKii-i  The  four  great  nations  namet)  above  had  full  defegatMms, 
•iiiitit,  olliei>i  were  only  partly  represent<>il.  and  two  or  ibree bjImbs had 
<i|i|>«liiln)l  tlt'1i'i:a(t'H  who  failed  to  reach  Chicago  in  liMe  ftw  ihe  aieet 
III;,  ril  \\w  iiKKjit'tio,  The  chamber  met  in  repnlar  wssMa  errnr  day 
'hull. II  llii>  Mi'tilt  oC  the  International  (.'onjrreiss- with  IVofeRwr  B*w- 
I  <<l  .lotiiit  ||ii|ihlim  l'niverHity,nsitspre^tdiDgikd&tf«r.    AttketaA 
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it  bad  nnanimoasly  agreed  upon  names  and  defiiiitioiiij  for  etgbt  units 
of  electrical  measure,  all  tlint  are  tliought  to  be  necessary  or  desirable 
at  the  preBeut  time,  and  no  more  are  likely  to  receive  coDsideratioQ  for 
some  years  to  come.  Tbe  cbamber  passed  a  resolution  recommending 
the  official  and  authoritative  adoption  of  these  units  by  the  several 
nations  represente<l  in  the  cougi-ess.  Tbey  are  all  primarily  derived 
from  the  fundamental  units  of  length,  masH,  and  time  of  the  metric 
system,  and  are  thus  inter-relal«d  in  tbe  simplest  possible  manner. 

As  already  stated,  it  is  not  tbe  purpose  of  thix  article  to  discnss  tbe 
conclusions  reached  by  the  chamber  of  delegates  from  a  scientific  stand- 
point, hut  it  will  he  desirable  to  n^me  the  units  selected,  and  explain 
in  a  general  way  their  technical  significance.  In  tbe  order  of  their 
adoption  by  the  chamber  they  are  :ib  follows :  The  ohm,  the  ampere,  the 
volt,  the  coulomb,  the  farad,  the  joule,  the  watt,  the  henry. 

These  Dames  are  derived  from  those  of  d>stiuguislie<l  scientific  men, 
all  worthy  of  a  jilace  in  tbe  front  rank  of  modern  physicists,  and  many 
of  whom  have  made  signal  contributions  to  the  advancement  of  tbe 
science  of  electricity  and  electrical  measurement. 

Tbe  ohm  is  tbe  unit  of  resistance.  It  has  been  applied  by  common 
consent  for  many  years  to  one  of  tbe  three  most  important  characteris- 
tics of  a  circuit  conveying  a  current  of  electricity.  Its  use  perpetuates 
the  fame  of  the  author  of  a  simple  and  beautiful  law  by  which  these 
three  tundamental  elements  are  bound  together. 

G.  S.  Ohm  was  bom  in  Bavaria  in  1781,  and  educated  at  the  Univer- 
sity of  Erlangen.  In  1827  he  published  a  pamphlet,  The  Galvanic 
Circuit  Investigated  Mathematically,  containing  what  has  since  been 
sniversally  known  as  "Ohm's  law,"  duiI  which  has  had  a  most  impor- 
tant and  far-reaching  influence  on  tbe  development  of  the  theory  and 
applications  of  electricity.  Guided  by  Fourier's  classic  investigation 
of  the  flow  of  heat  in  conductors,  Ohm,  ftompurely  theoretical  consid- 
eratioDS,  arrived  at  the  conclusion  that  in  any  circuit  through  which 
an  electric  current  was  made  to  |»ass  the  strength  of  tbe  current — that 
is,  the  qnantity  of  electricity  passing  a  given  section  of  a  conductor  in 
one  second  of  time — was  directly  proportional  to  the  electromotive 
force  (otteu  called  tbe  "electrical  pressure"),  and  inversely  proportional 
to  its  resistance.  The  im)H)rtance  of  Ohm's  investigations  was  not 
recognized  at  the  time  of  their  publication.  Had  the  full  meaning  of  his 
conclasions  been  understood  by  those  who  shortly  afterwards  engaged 
ia  the  development  of  the  electro-mngnetic  telegraph,  tbcy  would  have 
been  guided  to  results  which  were  reached  only  after  much  loss  of  time 
and  money  and  many  vexatious  and  discouraging  disapimintmcnts. 
In  1825  Barlow,  in  England,  had  declnre<l  the  impossibility  of  the 
telegraph,  owing  to  the  difficulty  of  sending  electric  currents  through 
long  wires.  It  was  noted  that  the  strength  of  the  current  diminished 
greatly  when  the  length  of  the  conductor  was  increased,  and  this  was 
properly  assumed  to  be  due  to  the  greater  resistance  oBereil  to  the 
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be  preseiiteil  to  tlie  French  Acudeiuy  a  paper  in  wUivh  lie  annonneed 
tbe  fondamental  principle  of  the  science  of  dectro-dynainictt,  togetlier 
with  a  number  of  capital  exiierinienta  in  extension  of  Oersted'd  princi- 
ple. In  the  incredibly  short  time  of  a  single  week  he  had  gone  nil  over 
Oersted'ii  work,  experimentally  and  theoretically;  be  had  devised  a 
new  and  ingenioua  hypothesis,  for  tbe  examination  of  which  be  had 
invented  novel  form^  of  apparatus  and  by  means  of  tvhicli  he  bad 
brought  the  whole  sabject  within  the  domain  of  mathematical  treat- 
ment. Tbe  history  of  the  science  of  electricity  shows  nothing  more 
brilliant  than  the  work  of  that  memorable  week.  To  liim  who  was  first 
to  bhow  tbe  action  and  reaction  of  currents  upon  each  other,  and  at 
the  same  time  furnish  a  rational  and  most  useful  hypothesis  u{>un  which 
the  uow  rapidly  growing  theory  of  electro-magnetism  might  be  cou- 
strncted,  has  long  been  freely  accorded  tbe  bigb  praise  which  is  implied 
in  calling  tbe  unit  of  current  measure  an  ampere. 

The  beautifiilly  simple  law  of  Ohm,  to  which  reference  has  already 
been  made,  and  which  is  as  omnipresent  and  omnipotent  in  electricity 
as  is  Xewton^s  law  of  gravitation  in  astronomy  and  mechanics,  is 
administered  by  and  through  a  triumvirate.  Two  of  the  triad,  namely, 
rctiistance  and  current,  are  presented  above.  The  third,  which  is 
matliematically  the  product  of  these  two,  is  the  electromotive  force 
in  the  circuit,  and  its  unit  of  measure  is  the  volt.  Tbe  apxiropriatenet'S 
of  this  name  will  be  at  once  recognized  when  the  services  of  the  (lis- 
tiuguished  Italian  philosopher,  Volta,  the  coittemporary  of  Oalvani, 
are  remembered.  In  his  early  youth  Volta  was  considered  dull,  and 
lie  sbowed  little  promise  of  future  distinction.  His  first  awakening 
to  intellectual  activity  manifested  itself  in  a  tendency  to  compose 
imetry,  but  from  this  he  turned  to  exjien mental  science;  and  when 
Galvani,  in  1786,  saw  in  the  twitchings  of  the  legs  of  a  frog  the  begin- 
ning of  a  series  of  marvelous  discoveries  which  have  made  the  nine- 
teenth century  greater  than  any  tliat  have  gone  before,  Volta  was  in 
the  prime  of  life,  thoroughly  equipped  by  taste  aud  experience  to  take 
ii|>  tbe  subject  at  a  point  where  bis  countryman  seemed  likely  to  leave 
it,  aud  HO  enlarge  and  enrich  it  as  almost  to  make  it  entirely  his  own. 

Dift'eriiig  from  Galvani  as  to  the  cause  of  what  was  long  called 
"galvanism,"  he  originated  what  is  known  as  the  "contact  theory," 
ami  was  the  first  to  have  clear  ideas  of  what  is  now  termed  "electro- 
motive force.''  His  theory  led  him  to  tbe  construction  of  the  voltaic 
I'ile  or  battery,  which  has  been  of  incalculable  value  in  the  develop- 
ment of  the  science  of  electricity  and  its  applications.  It  happens 
that  tbe  unit  of  measure,  one  volt,  is  very  nearly  the  electro  motive 
force  of  one  cell  of  Volta's  battery,  being  a  little  less  thait  that  of  an 
ordinary  sulphate  of  copper  ("bluestone")  cell. 

These,  the  olim,  the  ampere,  and  the  volt,  are  the  three  fundnmeiital 

units  of  electrical  measurement.     They  arc  related  to  one  nnother 

through  Ohm's  law,  aud,  as  other  units  are  largely  derived  Item  them 
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ji « .^  t<«  naefol  to  illutttrate  this  relatioa  before  proceediD^  farther.  For 
;iitt>  fMrpoae  i^erhaps  nothing  is  better  than  the  well-known  andoft- 
rrjtnOei  oaaipsnson  of  the  flow  of  a  current  of  electricity  in  a  oondactec 
li  ihf  flmr  it  a  5a«am  of  water  throogh  a  pipe.  When  water  flows 
ntmi  u  rRMir<<4i:;  xkruQgh  a  pipe  the  quantity  which  passes  any  point  in 
lin  itiNi  II  IBM  BiKiiaii  c«rrentstreugtb)depeodsoDthe  lieigbtof  the fes- 
f'-i.irtuwvvi  TiH  NcX — that  is,  onthe-'head"orpreesareander  which 
)  T.-W — 4UU  WW  'ML  cte  Rsestanee  which  the  pipe  offers  to  its  motion. 
I'M'  ,-TMMr  ~iM  jM-imm  the  greater  the  flow,  and  the  greater  the 
-vt'tau^i.'!-  ur  tr—  "ditt  irw.  The  strength  of  the  current  is  therefore 
.jrm : '  -c^'  ••-rrunai  ii  ::ii>>  pccsnoe,  and  inversely  proportiooal  to  the 
qv.»KUii:t>.  t  r  nub  laaannUi  -ricetro-Botire''  force  be  sabstitnted 
>ir  -"n-MHu^'  I  HMoai^  *JbiB'»  law.  When  these  elements  are 
■MMeur^i  t  o»  ir-tiT  ^r^na  4&<»Te.  the  eleetn^motive  force  in  volts, 
:ic  .  — ww-Tiii-i-  : .  -ti^L^  uni  'itti  t!TiiT>HU;  in  ampnve,  the  law  is  expressed 
•ri '  -.111)11  •■    ■'■  -^^  -■-  -  '^'^  "^^  -««Breiit  is  equal  to  the  electro- motive 


:  'i  i-%   .  :ur  ^iwiro-nnftive  >***  Ew  I  vwft  and  the  resistance  of  the 

J    ,e  ;  uiim  tiie  tionriit  will  b«  l  ampere.     In  an  ordinary  iiicaD- 

tp-..-i.t  .-it^tnc  l:unp  thf  elertr»-»jav»  fiicee  «ay  be  about  110  volts, 

■  ii-  i-'-M^tauri?  of  tlie  <-arbon  tfUinent  wta«  kiC  about  17a  ohms,  and  the 
.  MiieiiL  uiust  therefore  be  about  sii  ^him* -rf an  ampere. 

Lli«  iijut  -ui  nuaotity  i»  the  w*'.>^-  Charles  Augustus  Coulomb 
.  I  I-'TKUch  eiit:lDeer  who  m^le  important  roDtribntioDS  to  science 
>ii^ii;;  ilii;  latter  half  of  the  b»ti-*nrarT.  Hi» character  is  well  shown 
',  'iit  tituC  tliat  he  sabmirted  t«>  impriiwnnieot  rather  than  make  a 
!-;\  .iiabie  r.-iK>rt  ttiK>a  a  pn)p.i«ed  system  ©f  eaMb  which  he  oxamioed 
u..yal  wmaiisttioneraud  which  he  ewoU  uot  approve.  Uisingen- 
'r.  iuveiilioD.tbetorM.mbaLiiiL-e.eMbW  him tomeasoreexceedingly 
"  '  I  iViivw  with  an  accuracv  hitherto  unknown  in  science;  and  by  its 
T'^L  ,uade  rnaiiy  brilliant  n«earches  in  efcctiicity.  the  first  in  which 

.  uieasurement  i-laved  an  important  part.    A  coulomb  is  the  quan- 
''^       f  .le.  trkitv  tran^erred  by  a  current  of  1  ampere  in  one  second. 
'    iV     „  it  of  capacity  is  the /■«>-«(.    The  name  of  Faraday  might  with 
V  have  attached  to  more  than  one  unit  of  electrical  measore. 
'""'""^'  ^.j^^^r— as  a  newsbov.  a  booklHuder's  apprentice,  an 

"'^  ""r,!li'e.U.-a  li^ener  to  the  lectures  of  Sir  Humphry  Davy, 
'■'•'■"■'^^.  .  .  ,,^terhi<  assistant,  and  finally  his  successor  at  the  head 
"•''•'  s  i''!-^  ."..liKut'oii  in  Lwiidou— is  so  generally  known  that  refer- 
'■•  ""■  '"•*  \~^iu  nocestfarv.  In  the  history  of  electricity  three 
'  '^  ''',',  ^  ",  .^^.,i„i  incomparably  above  all  others.  With  the 
.^  .  ,  ,;  ■•'^';"'''^"^*^.J.^,,i  ,„,,!  Volta  are  associated  in  the  discovery 
''^    "*■'""'     .'"' ,,1,1  the  means  of  generating  it.    Inthesecond, 

.,    „.*  ;''^''"^', ;  .m^j  j,,  luving  thefoondationof  tbescienoeof 

■  ■'      ■      ■  •■    ^  ■""■*','.','„  ,iunl  w"a*  the  disco>-ery  of  "induction,"  in 
•      "■        ■   ■;'""j  ,^^„,.;,  Hctry  made  poesible  the  marvelous  develop- 
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Bat  every  brancb  of  the  aabject  was  eurichcd  by  Faraday,  and 
aiDODg  bis  most  brilliant  investigation))  are  tbose  relating  to  the 
'■capacity  of  coudensers,"  and  especially  the  inllueDce  of  the  dielectric. 

If  an  iusulitted,  conductor  is  charged  with  electricity,  the  quantity 
vbich  exists  upon  it  will  deiieiid  ou  the  potential  and  the  capacity  of 
the  coudactor.  It  is  exactly  as  if  one  spoke  of  the  quantity  of  water 
Id  a  lake  or  pond  as  depending  on  the  depth  (pressure,  or  "poten- 
tial") and  the  area  of  the  bottom  (capacity).  If  two  conductors  are 
near  each  other,  but  separated  by  a  comparatively  thin  layer  of  air, 
glass,  shellac,  or  other  dielectric,  the  "  capacity"  of  the  combination  is 
much  greater  than  that  of  either  of  the  conductors,  and  it  is  known  as 
a  "condenser."  The  well-known  Leydeu  jar  is  a  common  type.  In 
Hjieaking  of  the  "  potential "  to  which  a  condenser  is  charged,  the  word 
is  used  very  much  in  the  same  sense  as  "electro-motive  force"  in  what 
has  gone  before.  Potential,  therefore,  may  be,  and  constantly  is, 
expressed  in  volts.  The  unit  of  capacity,  the  farad,  is  the  capacity  of 
a  (condenser  which  is  charged  to  a  potential  of  1  volt  by  1  coulomb  of 
electricity. 

To  continue  the  analogy  already  used,  the  unit  of  eajtacity  (area  of 
bottom)  for  vessels  holding  water  might  Ue  delined  as  that  which  would 
require  unit  depth  to  hold  unit  quantity. 

The  joule  is  the  unit  of  work.  The  name  of  .fames  Prescott  Joule 
will  forever  be  associated  with  the  most  splendid  generalization  of  the 
present  age,  namely,  the  princii)le  of  the  conservation  of  energy. 
Through  his  interest  in  electro-magnetism,  and  especially  by  bis  inves- 
tigation of  the  efficiency  of  electric  motors,  he  was  led  to  the  consider- 
ation of  the  correlation  of  the  various  forces  of  nature,  and  associated 
nith  Prof.  William  Thomson,  now  Lord  Kelvin,  be  executed  a  remark- 
able series  of  experiments  affording  cumulative  proof  of  the  indestruc- 
tibility of  energy.  With  great  appropriateness  his  name  has  been 
given  to  the  nnit  of  work.  It  is  related  directly  and  simply  to  the 
"erg,"  which  is  the  unit  of  work  of  the  centimeter  gram-second  sys- 
tem. Keferonce  has  already  been  made  to  the  fact  that  wbon  a  current 
of  electricity  is  passed  through  a  conductor  heat  is  generated,  the 
amount  depending  on  the  resistance  of  the  conductor  and  the  strength 
of  the  current.  This  heat  is  the  equivalent  of  tlie  energy  electrically 
ex|iended.  Thejuule  is  the  energy  exi>ended  in  one  second  by  a  cur- 
ri^nt  of  1  ampere  passing  through  a  resistance  of  1  ohm.  In  the  com- 
mon incandescent  or  glow  lamp  the  energy  expended  as  beat  in  the 
carbon  filament  is  about  63  Joules  in  every  second. 

In  addition  to  the  unit  of  work,  it  is  also  extremely  desirable  to  have 
a  uutt  of  rate  of  work,  or,  as  it  has  been  called  by  many  writers, 
"activity,"  but  wh'ich  is  more  commonly  expressed  by  the  word  "  power." 
It  is  only  natural  that  the  name  of  one  who  was  the  first  to  recognize 
the  necessity  for  a  (]uantitative  evaluation  of  the  rate  at  wlucti  energy 
was  absorbed,  and  to  give  numerical  expression  to  it  in  the  definition 
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At  'lie  ■utrw>9MBr'Y.  ftUHiui  m  4;t«l  -*•  'hit  ■««  un.  TW  imN  is  ulso 
*uBr]i?  r^uuiMt  :>i  'M  .jwirLaMtter-znM  hbmoiJ  utit  of  puver,  and  is 
(liMtaMt  «*  -V'»c-k  •iiifu  AC  'j«  :»«  •»€'  I  jtwfe  per  awoiL  Tbe  rate  of 
e^a^uL'-iT"  'tf  4iierz7  in.  ~li«-  jiiiiv  [ttatp  iilnMMl;  i]ni>tetl  woakl  be  fi3 
wAiZA.  (fvr  jitr-ieyi'K'a -^  •"iTiti -»>  ^.»az  IM  wun.*.  When  Watt  came 
M''bwj:'v^  i^w».*  nn^«a'.t^i  ±r<KK  Mconnswwkas  a  matbematical- 
ii.<rnuB^nt  maib^  '7  ^ii*^  ^^cm  -^i  dt>>  craiijiM  oiiioad  of  thai  time.  For- 
tn:K»teij.  roe  't-itx  o^  :Ji«-  zr«:kC  iu:Teff<q:s  va0»{>«iknl  to  liiMi,  and  there, 
ir>  tr<A'af>a^iT>  oc*  aiafcetami  tgtmin;r<K"  ia-Crwanta  aoJ  apparatus,  his 
ff#nia4  ntri:*^l  Lea  &rx  co^)ai-.keva>«nc  and  tlv-vrlopinent.  Althoagh 
lif  t*inrdti"n  »mI  tnia.ns  r«tb<«  a  pr:MciK-.tI  ihao  a  sri«uti6c  man,  be 
ptf^^tt-^M^d  tii«  tm^  iHriratiftr  ias_:ht  t»*  aa  aDiisiul  ile^ree.  and  is  emi- 
tiMitly  worthy  of  ib*-  a.-kwiriates  aaixi^  «bu«  he  fcs  b«e  placed. 

TIk;  ttnt-sfinti  nonewhM  lenzxbjand  d^c^lM  arriMiDt  of  the  hist»r>' 
nitil  oritfiii  of  M-ven  of  tbe  ei;Ebl  D[iii:i  of  etertriml  measnre  recently 
fwlofrtMl  by  th«  international  ci>n;«TF&s  bus  br«u  thua;:ht  desirable,  if 
fiift.  UM-A-tmary,  lo  a  fail  a  riders  taodio;;  of  their  rdatiou.  historically  »iid 
otliitrwlne,  Ut  tfaf^  eighth  and  la^t,  the  Dame  of  which  is  the  title  of  this 

Mont  A  iiieri4-»nK  are  more  or  less  familiar  with  tbe  oatne  aad  fame  of 
.l(fM']ib  Il4-iiry,  To  many  he  is  known,  however.oaly  as  tbe  tirst  Secre- 
Uiiy  4il'  llit^  HinitliNoniiin  liistitntion.  Giviug  a  broad  aud  libera)  inter- 
tiicliilloii  l(ilb«  wmewhat  vagne  language  of  the  will  of  its  founder, 
Itxiiiy  iDolrlcd  tbo  iimtitutioD,  while  it  wa»  yet  plastic  aud  withuut 
l(iiilllli'li"i  Id!'"  tim  rami  in  wliit^bit  has  since  essentially  existed.  He 
dltnt'tt'd  Hn  «iMii'Ki(«H  into  cliaiinels  very  different  I'rom  those  that  would 
IliH'ii  lii'oii  Hrlt'nttHl  by  Olio  whose  borizon  was  narrower  than  bis,  and, 
liV  Nli'ndlliHlly  lulln'rllig  to  bin  own  splendid  conception  of  its  functions 
iiH  lilt  ImnI  niMioiil  "  for  tlie  inciease  and  difTusion  of  knowledge  among 
IMi'ii,"  lio  Mtiiili'  of  It  uii  orKniiiziition  which  is,  and  mast  i>erpetually  be,  n 
liniiflll  mill  II  IiIi<»hIiiii  (onll  mankind.  Others,  a  smaller  number,  think 
III  tiliM  II"  till'  yiiiitblTil  prnlcsHOr  of  mathematics  and  natural  pbilos- 
iiiiIm  til  Mii>  Allmiiy  At'iidoniy,  where,  in  spite  of  the  seven  solid  hours 
III  (I'liilHiiH  I'lii'li  liny  ii'uniivd  of  liiin,  he  found  time  to  begin  tbe  series 
III  ii'><>>iiii'li)"«  In  I'bvlri)  nniKiiftUni  which  in  later  years  were  to  make 
lillll  lltliinii"  tli'it'i  i»'i'*  »'  ""'  t'ollego  of  New  Jersey,  at  Princeton,  to 
H  lili'li  111'  "  ti"  ■diitrlly  trntii«ft'rn-il,  he  is  seen  pursuing  these  researches 
null  lloil  tlt'.iiiit""»  111*  vIhIoh  wliirh  rbnriMiterized  bis  work  along  all 
lllli'i.  mill  «lllmiU'\lniiU''Hin»i".vlViiitlVili".'sswli"'l'  goes  only  with  great 
liili>lli'i  liiiti  n.lhll,\  ni'iiiiiMiiiiiifHl  by  Miitiiuchiiig  honesty  of  punntse. 
I  lit  H'liili'i'll  wm-*  III  I'vinwliviu  where  he  discharged  the  duties  of 
|ili>h  ■  ml  III  iKiUiinl  lOiiliw»pliy  wilb  ^itinul  success,  be  continued  his 
iiiliiliml  (iiu-'Mr  iiti'in.  wlii»>li.«lnl«'  t.^m-hingmany  of  themo^einlpo^■ 
l.•..l  III  nil,  hi'-iMl  lib\  'liiO  ■x'H*n>>\  weifin  grMieral  related  to  bis  favorite 
<  1  lin  hi.  li\  iind  »»ni!»oti^>".  .\t  the  end  of  this  period,  wlieu 
,  \\  liti.livil  ilt'\«l.>(m»i>ul  i»l  his  i»oTn?rs,  he  was  transferred  to 
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tbst  larger  field  of  activity  and  asetalnesa  wttinli  was  offered  by  tlie 
new  institution  at  Washington,  tu  enter  wliicli  he  knowingly,  and 
against  the  wisbes  of  many  of  hia  frieiids,  nhandnncd  the  practically 
iiAsored  prospect  of  lasting  fame  as  one  of  the  three  or  four  most  dis- 
tiugnished  physicists  of  the  present  century.  During  these  years  the 
work  was  done  which  justifies  and  demands  the  recognition  accorded 
lo  it  in  bestowing  npon  Henry  the  high  honor  of  a  place  in  the  galaxy 
of  famous  physicists  whose  names  will  be  perpetuated  in  the  metro- 
logit-al  Domeiiclatore  of  all  modern  languages.  In  touch  of  this  work 
lie  was  rauning  on  lines  parallel  to  those  followed  by  an  English  phi- 
1oso])her  who  is  doabtless  justly  entitled  to  be  considered  as  the  first 
eiperimental  physicist  of  the  present  age. 

Although  older  by  several  years  than  Henry,  Faraday  began  his  series 
of  memorable  investigations  in  electricity  about  the  time  Henry  pre- 
sented his  first  papers  on  the  same  subject  before  the  Albany  lostitute, 
a  local  scientific  society  of  which  he  was  a  member.  From  this  time 
forward  they  were  often  "treading  npon  each  other's  heels."  In  the 
earlythirtiesgreatscientifio  discoveries  were  not  announced  in  all  parts 
of  the  world  within  twenty-four  hoars  of  their  making,  as  is  done  to-day, 
thanks  to  the  labor  of  these  same  two  philosophers  who  sixty  years  ago, 
owing  to  infreqnent  communication  across  the  sea  and  scanty  means  of 
publication  on  either  side,  were  often  ignorant  of  an  imiiortant  mlvance 
for  some  years  after  it  had  been  made.  Henry's  innate  modesty  made 
him  slow  to  recognize,  at  least  to  acknowledge,  the  value  of  what  he  did, 
and  there  is  no  doubt  that  he  lost  much  in  the  way  of  general  recogni- 
tion by  his  failure  to  bring  the  results  of  his  investigations  promptly 
to  the  attention  of  the  scientific  public.  Indeed,  it  was  sometimes  the 
nrgency  of  his  friends,  more  jealous  than  himself  of  his  scientific  repu- 
tation, thatsecuredthetardypublicationof  importautpapers.  At  that 
date,  far  removed  both  in  space  and  time  from  the  center  of  scientific 
nctivity,  he  often  contended  with  the  discoaraging  yet  natural  and 
almost  necessary  fact  that  some  of  his  finest  work  had  been  anticipated 
by  those  who  had  the  start  of  htm  in  time  and  the  advantage  in  facilities 
and  resources. 

On  August  30, 1831,  Faraday  made  his  splendid  discovery  of  electro- 
magnetic induction.  Before  this  time  lienry  had  investigated  the  con- 
ditions necessary  to  the  production  of  a  strong  magnetic  field,  and  had 
constructed  by  far  the  most  powerful  magnet  known  uj)  to  that  day. 
igtiorant  of  Fara<iay's  work,  he  planned  and  began  in  August,  1831, 
a  series  of  experiments  with  a  still  more  imwerfnl  magnet,  having  iD 
view  the  discovery  of  »  method  of  producing  electricity  f^m  magnetism 
which  Faraday  was  then  on  the  eve  of  making.  But,  as  already  stated, 
his  duties  in  the  academy  wei-e  exacting,  and,  being  interrupted,  he 
was  prevented  from  returning  to  the  subject  for  nearly  a  year.  In  the 
meantime  news  of  Faraday's  discovery  had  crostied  the  ocean,  a  meager 
account  of  his  results  having  reached  Henry  sometime  early  in  the 
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;»nimtw^  n<  IV,'X  H*  at  nnre  took  np  tbe  rat^t,  aad  by  tbe  aid  of  bis 
prtw*rrtii  Apparatus  waa  enabled  to  ptmlnee  striktog  verifications  and 
^■;E«m»i»on.t  nf  FarsuJay'-i  rnwlaninni*.  A  deseription  of  these  experi 
menw  wm  pnblinhed  in  Silliman's  Ain«iean  Jotmud  of  Science  for 
July.  Iai2.  and  tlie  article  pontaina  the  first  aiiEioaiicemeDt  of  a  most 
imporrant  diwrovery.  in  which  he  aotifipated  Faraday  by  several  years- 
"Ik  Marvel''  wrr>t«  a  sentence  in  Dream  Life,  which  has  been  an 
inspiration  tj)  many  a  yoang  man,  "  Tboe  is  no  genios  in  life  like  tbe 
irenina  of  energy  and  indn^try ;"  and  if  the  genins  is  to  develop  in  tbe 
dirw-rion  of  experimental  science  lie  might  well  have  added,  "and  tbe 
<;Miiua  of  attendnn  To  apparently  nnimportant,  accidental  phenomena.' 
It  wan  tins  trait  that  was  m  higbly  developed  in  his  character,  this 
anxidns  sulicimde  that  nothing,  however  trivial  it  might  at  the  time 
rtwin.  ^onld  es»;ap«  witluiot  nr>te,  that  brought  to  Henry  the  honor  of 
tbe  iliscovery  nf  wif  indaction. 

Faraduyhiui  timnd  that  when  a  cnrrent  of  electricity  throngh  onecir- 
r'.mt  wa»  starteil,  or  stopped,  or  altered  in  strength,  a  current  would  be 
indnced  iu  a  neighlMiringcircnit;  Irat  the  induction  of  apart  of  the  cir- 
cnit  np«»n  anotht>r  part,  or  selfindnction,  had  escaped  him.  llenrysnw 
it  in  the  interesting  and  previously  unobserved  fact  that  if  tbepolesof 
a  buttery  of  do  very  jjreat  power  be  connected  by  a  long  wire,  and  the 
cinruit  be  suddenly  broken,  a  spark  will  be  produced  at  the  point  of 
interruption,  while  if  the  connecting  wire  be  short  a  spark  will  not  l>e 
produceil.  He  also  noted  tliat  the  effect  was  increaseil  by  coiling  the 
wire  into  a  helix,  and  he  remarked,  at  the  close  of  llie  article  describ 
ing  these  exi>eriments,  -lean  account  for  these  phenomena  only  by 
supposing  tbe  long  wire  to  become  charged  with  electricity,  which,  by 
its  reaction  on  itself,  projects  a  spark  when  the  counection  is  broken.''' 
Tliis  was  a  capital  observation;  but,  although  publisheit  in  1832,  rt 
WHS  aiiparently  unknown  to  Faraday,  who  rediscovered  the  fact  a  few 
years  later  and  announceil  it  as  new.  As  a  matter  of  fiu-t,  it  appears 
Ihat  Faraday  did  not  himself  observe  the  fundamental  phenomenon, 
lint  that  his  attention  was  oalted  to  it  by  a  friend.  His  annomicemeDt 
uas  iiiiule  ill  tbe  Philosophical  Magazine  iu  liS^.aud  in  a  «Mnniisi- 
caUoii  tu  the  Koyal  Society  in  l^to  he  extended  and  enlarged  apoa  tbe 
i.l»)i'i  vation. 

Ill  iiiiii-h  that  he  ba«l  done,  however,  he  had  been  aniidpoled  by 
lli.xi  t  whtt,  allliiingit  greatly  interrupted  iu  his  original  tovesiigalious 
Albany  to  Princeton,  bad  himself  take*  ap  the 
duction  and  made  an  interesting  nsmnk. 
iiiity  alblwe<I.Hen^>-continQedhI»el>wtIwaIians- 
l<■il^s  that  followed.  He  was  the  ftr<t  IwafataiD 
I  I'tiiTciits,  and  bemade  a  etassiif  finmTfij:-iri«n  rf 

I  >,.  ti>^.  ••'H  llial  llr-DTi  Lui  olisvrvvit  lik.-»[)aiiniiniintiMa.ali 
I...I  irr  j>iil-lti';iti"n.  arA  [I1.111  c&h  ihoitcrataun.  <kw  on^ 
■.I  iiiiliii  iMin  liy  >'3r3ila;. 
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mntnal  induction  and  of  cnrreots  of  the  secood,  third,  fonrtb,  and 
higher  orders.  In  addition  to  his  discovery  of  self-iiiductiou,  his 
researches  ou  the  inductive  effects  of  transient  carreotB,  on  magnetic 
screening,  and  especially  on  the  oacillationB  of  the  electric  discbarge 
were  qd  new  lines  and  of  the  highest  order.  The  investigation  of  the 
oscillations  of  au  electric  discharge,  one  of  the  most  important  of  all, 
was  almost  unrecognized  until  nearly  a  half  century  had  elapsed.  It 
was  published  in  the  Proceedings  of  the  American  Philosophical  Soci- 
ety in  1942.  In  it  he  says:  "The  pbenomeoa  require  ns  to  admit  tbe 
existence  of  a  principal  discbarge  in  one  direction,  and  then  several 
reflex  actions,  backward  and  forward,  each  more  feeble  than  the  pre- 
ceding, nntil  the  equilibrium  is  obtained." 

Two  years  later  Helmholtz  wrote:  "We  assume  that  the  discharge  is 
not  a  simple  motion  of  tbe  electricity  in  one  direction,  but  a  backward 
and  forward  motion  between  the  coatings,  in  oscillation,  which  become 
continnally  Hmaller,  nntil  tbe  entire  vis  viva  is  destroyed  by  the  sum 
of  the  resistaDces;"  and  in  1853  Prof.  W.  Thompson  published  in  tbe 
PbitosopbicAl  Magazine  a  mathematical  investigation  of  Transient 
Electric  CnrrentA,  developing  an  equation  in  which  "  the  whole  theory 
is  packed  up."    - 

CoQceming  tbe  influence  of  Henry^s  discoveries  on  the  marvelous 
progress  of  electricity  during  tbe  past  five  or  ten  years,  it  may  be  well 
to  rest  upon  the  opinion  of  one  of  England's  leading  electricians,  who, 
in  the  pn^ace  to  a  recent  volume  on  one  of  the  latest  phases  of  electri- 
cal development,  writes  as  follows: 

"At  the  bead  of  this  long  line  of  illustrious  investigators  stand  pre- 
eminent the  uames  of  Faraday  and  Henry.  On  the  fouDdittion  stones 
of  truth  laid  down  by  them  all  subsequent  builders  have  been  content 
to  rest.  The  esi>erimental  researches  of  the  one  have  l)een  the  guide 
nf  tbe  experimentalist  no  less  than  the  iustmctor  of  the  student,  since 
their  orderly  and  detailed  statements,  alike  of  triumphant  discovery 
and  of  suggestive  failure,  make  them  independent  of  any  commentator. 
The  scientific  writings  of  Henry  deserve  hardly  less  careful  study,  for 
in  tbem  we  have  not  only  the  lucid  explanations  of  the  discoverer,  but 
the  suggestions  nnd  ideas  of  a  most  profound  and  inventive  mind,  and 
which  indicate  that  Henry  had  early  touched  levels  of  discovery  only 
just  recently  becoming  fully  worked." ' 

That  one  whose  work  is  so  highly  esteemed  should  have  been  selected 
for  honor  in  the  international  chamber  of  delegates  is  not  snrprising. 
It  was  also  eminently  fitting  that  his  name  should  be  given  to  the  unit 
of  induction. 

As  already  intimated,  the' strength  of  the  induced  current  depends 
OD  the  rapidity  with  which  that  of  the  inducing  current  is  altered. 
The  sodden  stopping  of  a  current  must  be  regarded  as  decrease  at  a 
very  rapid  rate,  and  the  starting  of  a  current  as  increase  at  a  rapid 

■Fleming.  TIi«  AtteniatA  Current  Tranafnnner  in  Theory  and  Praotice,  Vol.  I, 
London,  1889. 
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TUB  AGE  OP  ELECTRICITY.' 


By  H.  Mascabt, 

Prttidaita/  lie  Frrnch  JnoriatUm  for  Iht  AdBantvmemt  of  ScUner. 


The  city  of  Caen,  whicti  m  cordially  greetR  ns  thifi  day,  was  the 
capital  of  Norinandy,  and  some  of  the  great^at  eventa  of  our  national 
history  are  recordeil  in  its  annals. 

Here  was  forme*!  the  little  army  that  achieved  the  contiuestB  of 
England,  a  glorious  campaign  indeed,  but  one  from  which,  by  a  cruel 
turn  of  events,  Hpning  a  long  period  of  struggle  and  misery  when  the 
heirs  of  the  conquerors,  merge*!  in  the  great  nation  they  had  invaded, 
returned  to  enforce  ever  increasing  claims  upon  the  Kingdom  of 
France. 

Pew  provinces  have  l)een  the  birthplace  of  so  many  illustrious  sons — 
soldiers,  sailors,  politicians,  magistrates,  historians,  orators,  jurists, 
poeta,  artists,  men  of  letters  aud  of  science.  Your  city  lias  long  l)een 
a  center  of  learning  and  it  still  maintains  its  intellectual  predominance 
over  the  neigliboring  departments  which  in  former  years  were  part  of 
its  territory.  Your  literary  and  scientific  societies  have  !)cen  famous 
for  centuries.  Yoo  are  even  now  one  of  the  principal  headquarters  of 
the  university,  aud  the  I'alatte  of  the  Faculties  which  you  inaugurate*! 
a  few  days  ago  shows  that  your  hearts  are  set  upon  maintaiuiog  that 
noble  tradition. 

The  sojourn  of  the  French  Association  might  afford  an  opportunity 
for  paying  homage  to  the  celebrities  of  your  place,  but  I  am  too  obvi- 
ously unfit  to  do  BO.  I  shall  confine  myself  to  recalling  the  names  of 
some  of  the  scientists  of  whom  you  may  justly  be  proud. 

Unless  we  go  as  far  back  as  the  celebrated  Graindorge  family 
we  must  first  mention  the  name  of  Pierre  Vari^on,  t>orn  at  Caen  in 
1654,  a  geometrician  and  mechanist,  a  member  of  the  Academy  of 
Sciences,  whom  students  still  hear  mentioned  at  lectures  when  care  is 
tAken  to  acquaint  them  with  the  founders  of  science.    The  chemisto 

'AddreM  hofori>  I'Aiaociation  Kran^nine  poor  rAvaniiementilfaSeieBoeB.  Congri-a 
de  C'ten,  18M.    Translated   tnau   Revue  Scietitilique,  Angust  11,  1894,  4tb  seriN, 


154  THE   A.GE   OF    ELECTBICITT. 

Bonelle  and  Yauqueliu  were  both  born  in  the  snbnrbs  of  Caen  of  the 
most  lowly  families,  who,  by  stabborn  labor  and  stmgKle  with  the 
difBcalties  of  life,  reached  the  highest  station  in  science.  Earnest- 
ness in  teaching  and  ancomnioD  skill  in  experimenting  made  Roaelle 
fomons.  It  is  said  of  him  that  when  before  an  audience  he  was  sot 
quite  himself  until  be  had  doffed  his  coat  and  wig.  VaaqneliD  Lad 
received  but  indifferent  iiistraction  in  his  native  village.  On  the  advice 
of  an  intelligent  mother  he  left  his  home  at  the  age  of  H  to  makes 
living  as  a  laboratory  boy  in  apothecary  shops,  where  he  stealthily 
learned  the  chemistry  of  the  times. 

On  being  introduced  to  Fourcroy  he  had  at  last  some  leisure  inwhidi 
to  perfect  his  knuwietlge,  adding  thereto  the  ancient  languages ;  became 
the  e4)llaborator  of  his  master;  and  occupied  in  turn  the  chairs  of  the 
Gcole  Poly  technique,  the  I^cole  des  Mines,  the  College  de  France, 
the  I^le  de  Pharmacie,  the  Faculty  de  MMecine,  and  the  Mns^nm 
d'Histoire  Naturelle. 

"After  living,"  says  Ouvier,  "in  circumstances  closely  resembling 
destitution,  and  being  pushed  by  others  into  the  possession  of  qait£  a 
considerable  fortune,  which  increase^l  all  the  more  rapidly,  as  he  never 
had  any  personal  cravings,  he  always  held  to  the  habits  of  his  yontb. 
Ho  would  return  to  his  village  every  year  anil  there  meet  his  old 
mother  without  whom  lie  would  accept  no  invitation,  whatever  migbt 
be  the  station  and  wealth  of  those  who  asked  his  company." 

Dumont-Purville,  born  in  1790  at  Oond^-sur-Noireau  (Calvados),  has 
carried  the  flag  of  his  country  over  everj-  sea  on  the  surface  of  the 
globe,  striking  th'e  seafaring  world  with  amazement  at  the  boldness  of 
his  undertakings  and  bringing  from  his  travels  scientific  treasuresof 
every  description,  until  the  end  came,  after  going  throagh  the  most 
daring  ventures  in  safety,  by  his  being  bnrned  to  death  in  a  railroail 
accident.  It  was  no  vanity  for  hint  to  say:  "An  iron  will  never  per- 
mitted any  obstacle  to  stand  in  my. way.  When  I  had  once  madenp 
my  mind  to  perish  or  succeed,  I  was  proof  against  any  wavering, 
against  any  uncertainty." 

There  is  at  Beaumont-en-Auge  a  house  which  hears  on  its  front  m 
inscription  that  begins  thus: 

"Id  this  humble  dwolling  Lapliue  vks  bom." 
I  curtail  the  citation  so  as  not  to  lay  the  inspiration  of  this  homely 
poetry  open  to  criticism,  bat  it  is  pleasant  to  find  in  it  the  homage  of 
bis  countrymen  to  one  of  the  greatest  minds  of  the  century.    In  his 
oration,  delivered  before  the  Academy  of  Sciences,  Fourier  said : 

"The  wonders  of  heaven,  the  high  questions  of  philosophy,  tlie 
ingenious  and  profound  combinations  of  mathematical  analysis,  all  the 
laws  of  tlie  universe,  have  for  over  sixty  years  occupied  his  mind,  and 
his  efforts  have  been  crowned  with  immortal  discoveries.    -     -    - 

"  It  can  not  be  asserted  that  he  would  have  been  qualified  to  create 
some  entirely  new  science,  as  was  done  by  Archimedes  and  GaUlM; 
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to  iufiise,  like  Deacartes,  Newton,  aud  Leibuitz,  original  priiicipleB  into 
inatUematical  doctriues,  or,  tike  Newton,  to  be  the  first  iii  applying  to 
tlie  sky  aud  extending  to  tbe  whole  universe  the  terrestrial  dynamics  of 
tialileo;  Imt  Laplace  was  born  to  perfect,  to  eeareh  into  everything,  to 
remove  all  boands,  to  solve  that  which  may  have  seemed  insolvable. 
He  would  have  completed  tbe  science  of  the  heavens  if  it  were  possible 
to  complete  it.  -  -  -  Science  was  tbe  object  of  bis  life;  science  has 
made  his  lueinory  imperisbable." 

You  also  may  claim  as  your  own  one  of  the  founders  of  geology  io 
France.  Like  tbe  antbor  of  tbe  Mccaoiqiie  Ctl-leste,  Itllie  de  Beau- 
Diont  was  a  scion  of  a  great  family,  vbose  name-  was  already  prominent 
in  the  history  of  parliaments.  He  bad  no  sooner  graduated  from  the 
fjM\e  dcs  Mined  than  be  was,  jointly  with  Dufrenoy,  commissioned 
to  make  a  geological  map  of  France.  After  preparing  for  their  work 
by  travels  abroad,  especially  to  England,  tbe  two  engineers  spent  many 
years  iu  laborioifsly  exploring  every  part  of  tbe  country.  The  result 
of  their  gigantic  worii  was  tbe  publication  of  a  celebrated  map  wliicb 
has  served  as  a  model,  of  which  the  geologists  of  to-day  can  only  com- 
plete tbe  detaUs.  At  the  same  time,  £lie  de  Beaumont  soared  to  the 
loftiest  conceptions  in  regard  to  tbe  strncture  of  the  terrestrial  strata, 
aixl  recognizing  no  other  criterion  than  that  aflbrded  by  demonstrated 
facts,  be  did  not  hesitate  to  criticise  tbe  doctrines  of  bis  tutors.  In 
spite  of  tbe  dryness  of  his  subjects,  be  knew  how  to  arrest  attention  by 
his  style,  from  which  elegance  was  not  excluded  by  accuracy,  a  praise 
thatcan  seldom  be  made  in  our  days.  Some  of  bis  pages  on  tbe  physi- 
c^raphy  of  the  Vosges  have  often  been  cited  as  bearing  tbe  marks  of 
the  sweetest  poetry.     Allow  me  to  again  borrow  from  it: 

"The  systems  of  mountains  are  at  one  and  the  same  time  the  most 
delicate  aud  the  most  general  features  of  the  projections  on  the  surface 
of  the  globe.  Tbey  are  at  one  aud  the  same  time  the  (luintcsseiice  of 
topography,  and  the  most  characteristic  marks  of  the  upheavals  wbicb 
the  surface  of  the  globe  has  exjierienccd.  They  are  tbe  mutual  bond 
that  unites  the  daily  operation  of  the  elements  as  determiued  by  the 
presentrelief  of  the  earth  with  the  events  that  gave  this  relief  its  sha|)e 
in  tbe  past.  When  it  was  sought  tn  coordinate  the  component  ]>arts 
of  the  vast  combination  of  mj^us  with  which  the  hand  of  time  has 
engraved  the  history  of  tbe  globe  on  its  surface,  it  was  found  thiit  tbe 
monntains  are  the  capital  letters  of  the  immense  manuscript,  aud  that 
each  system  of  monntains  couteins  a  chapter  of  it." 

It  affords  me  special  pleasure  to  now  recall  tbo  name  of  a  modest 
savant  who  might,  {terhaps,  exi>erience  tbe  greatest  surprise  at  the 
ti'ibnte  which  I  desire  to  pay  to  his  memory.  Uaugain,  at  one  time  a 
Htudentof  the  Bcole  Polytecbniqne,  soon  gave  up  industrial  pursuits, 
ill  which  he  had  met  with  but  little  success,  for  there  was  nothing  he  was 
less  fitted  for  than  trade,  and  devoted  himself  to  scientific  researches. 

There  was  no  luxury  in  liis  laboratory;  bis  fond  daughter  was  his 
preparator;  a  bottle  and  agold  leaf  constituted  one  of  the  most  ingenj- 
ons  electrometers;  a  few  spools  of  sewing  thread  were  enough  to  rep- 
reseut  electric  cables.    With  such  a  crude  outfit  be  succeeded  in  giving 
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an  i^pfTiaental  ALmtwu  n  j\~am  *f  'tie  lawn  of  tlw  lhiuml  ■'"*  o^  ^m- 
trintf  thmnjth  ii&sficly  <M»tiirrLn¥  lojin  jiui  at  writj  die  eomctness 
of  tbe  fonaalsM  dnx  CHun  baii.  aaaiy  mJigaaJ  )m  bsing  taThemat- 
Icall)'  an^f^pMu  to  Foari^-t  tbtiavy  •■m.  rlie  prnpagaduB.  of  bemt  With 
similar  tneaost  be  diaefoMil  i^e  r^buaanu*  «ciBiint^  between  che  tbeomns 
or  ntatic  electricity  and  tbe  pwipamrii^  of  eoEEencs.  Hl»  tnvestiga- 
tioDH  of  tb«nnoeleetr)«  pfa«wMiKiu  .uul  diK  prnp«ties  iif  errstals  are 
nlninprnl  with  tbe  name  noarfc  of  ptv&entin:  riie  meditMLf  dArpted  by 
bliimtill  ntand  amoo^tbenaatcWaot.uiii  im«T*wt.  Tb«  tioe  Cult  with 
bin  liiventiKatiooft  wax  pcrhapM  tliat  niiffy  v«>xr  nm  eariy  aad  cottld  ncA 
Im>  well  Hitdenttoocl;  they  were  .fobHciinMit]'-  rlmiwn  in  lb«  ^badc  by 
inortr  lirllliatit  disMiTrry,  aod  it  *a»  only  wbMi  aeu-ini;  th«  ciose  of  his 
i-nrtMT  tliat  (faagaio  enjoynl  tbe  well .Leiervml  mmtiircioo  ot  bein^ 
ii|>l>r(H-liit«-«l  according  to  h\»  neritai. 

Aufcii"tiii  (''roariel  wan  bora  at  Bni^e.  He  is  mw  i^mgfiace  a  citizeD 
tiC  llu<  ht'pnrtiiient  of  CalvadoA.  bat  be  t»>Hieof  yuitn  atf  a  Low- Nor- 
liiiiii.  Kiul  a  i»t<niorable  circnmataoce  nS  l)i»  lilfe  binti*  him  b>  yoo  by 
4<vt'ii  cloM^r  t)e«.  At  tbe  Iie^mun;;  of  the  "-HiuuirMldiiiVs''  be  was 
nUNiHnulHl  fitiiii  bin  office  of  engioe^  6ir  expr^wng  too  openly  bis 
■ini'tlitllty  lo  tl»«  n'*t()nition.  and  came  to  enjuy  bit*  «iili>n>«^  kisare  in 
tlit>  niiihII  vlllutC*'  of  Matbien,  the  eldn'  RooeUe'-t  hone.  H«  aiMleftaok 
itt  (bill  iilitt^'  bix  labors  on  optics  wbieb  were  to  make  liim  Eanoos. 
tttti  t»tr  tbal  tortiinatd  diwgrace.  Fresnel  wosld.  we  fear,  never  bave 
\un\\\\  Hiiu'  lo  H'^'"  bimiwlf  ap  to  acientifitr  inxeatigatani.  by  reason  «f 
1 14  (>\li-*>iin'ly  »l<-lirnt»>  livftltb,  and  to  jtive  fan  fKo^  to  his  genins. 
1-   >tti  ttiiil  llmiM""'  diuliin  a  [teriod  of  twdre  years,  bis  paper?  fi>now 

'.  ttiii't luT  with  imHliKiouK  fecundity,  as thoo^  ke kul a  pcewBtimeat 
'i  '  I  I  I    ilnv"  "■'''■''  II "'I''"''*''*     *'"  shattered  forerw  the  bypotbesis  of 

'(  ■  111  l>V  bIi"«'"K  '■''"'  ""  f**®  pbcnoinenaof  interfcTeoceaa^idiff^«r■ 
'""  ^^  '  'MUtry  nxiMMiiicnttti  of  tbe  doetrineof  aiHltUatioos:  and 
"a  III*  tliP  I'^Iimi"!""  of  'bat  theory  in  all  its  details  by  nttia^ 


a  nfiTtlwIlini,  relViiftioii,  doable  refraction,  etc. 


\>im  ill'''  "' 
'  tl  ,  ,,„|,.o  itriTtlwMini,  reirilfuoii,  (lonoie  lenaciion.  etc. 
''""  "!  ■!■  Iio  li'itl"'  •''"'■  miitbematical  analyaii;  or  tbe  aeeeptcd 
^^ '"' '^'llii'  iiio"lii>»l''i>l  Miiirtiiroof  the  medioms  did  Dot  afford  bin 
„,,  1,111^  nil  ^^^^^1  ^,^,j,_  |„,  iii.idly  nlciiiiicd  the  nrdaons  passages  over  whifh 
,|,.(Hi'ilt'i'-  '^^^^  ^^^  ^^^^^^  ^^^^1  ^,„,„p„|  the  rest.  After  eighty  years  his 
"  '' "'  ""i  '  ,,,),„. (. coiillniiwl  iii»r((aiidmoreby8abeeqQentin\-e8tiga- 
,,.,1,  "  "!'  ,^  ullll  ,'onntitiilP  the  most  fniitfal  reading  for  physi- 

'   "  '  ''„V,,|  ,1  tu'ltt'ri'iHiuH'i'litfiiHionof  hi8inind.andoffeTav*it 

'  '  '      '' ' '  h     .iiilit'l''!  I'li'llth'  iiotlniis  which  had  at  first  escaped 
'"'■  '  "1     ,,  !,\.||..'i-«iitlriMmtiioHtthttlieybadrti3corered.    Sew- 

"       '"'""'     ,„  |,;,njll,l,  «„vniit,  is  greater  than  he. 

■'  "      '    ""       I  „|,tiii|i  nil  hiN  (iviivu  nt  tbe  Pere-Lachaise  ceiDf- 

\  '  ■'  '     '   I"'"'     ,  (I,,,  Hni'ii'lo  do   I'hysiqiie  set  abont  to  search 

'      '    '    '    M  ii  ifini'ii'it  I't'b'livlty.    All  abandoned  graTe,hid- 

"  "'"' ,1  I  ,',.„,  iitlHiii."!'"'"'"'"*'®'^'"''*'^'**''**®*"'*?' 
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No  uear  or  distant  relative  autlioiized  to  iii»intain  its  suDutity  wiib  in 
existenoe.  Beiug  iinuble  lo  do  more  for  tbe  preseut,  the  society  liod 
tbe  DDpreteDdiiig  inoiiDment  repaired  and  keeps  it  I'evereutly  adorned 
with  flowers.  Lavoisier  has  l>eeii  waiting  a  ceutury  for  the  memorial 
be  H  eittitlett  to,  but  the  oversight  will  soou  be  repaired.  At  a  time 
like  this  wheii  the  taleut  of  oui'  artists  is  a  sitftivient  justiQcatioa  for 
the  uiiuiber  of  statues,  Fresnel  should  wait  uo  louger. 

Yoa  also  bold  title  to  auother  celebrity  in  astronomy  aud  celestial 
meuhaiiics,  Leverrier  born  at  ^t.  Mato  de  la  Caiide  (Mauche),  in  the 
heart  of  Vormaady,  aud  whom  it  was  the  pride  of  the  College  of  Oaeii 
to  number  ainoug  its  students.  LeveiTier  is  cbietly  kuuwu  for  his 
diDCovery  of  Neptune.  The  learned  astronomer,  while  yet  almost  a 
begiuner,  succee<Ied  by  a  formidable  amount  of  clever  aud  sedulous 
udcnlatious  iu  determining  its  existence  aud  its  positiou  iu  tbe  heavens. 
The  plauet  Uranus  ftp]>ears  etery  day  iu  the  teie»coiie  which  is  set  for 
it  at  the  meridian,  now  ahead,  aud  then  aback  of  the  anticipated  time, 
but  uever  by  more  than  a  second.  These  slight  diflerences  were,  how- 
ever, the  starting  poiut  for  which  the  disturbing  celestial  body  was 
looked  for  and  found  on  the  very  day  when  tbe  anuonncemeut  was  made 
within  a  degree  of  the  i>ositton  given  by  the  rechoniDgs.  Tbe  expanse 
open  to  observations,  within  which  the  planets  gravitate  around  the 
sun,  has  been  doubled  by  the  discovery  of  Neptune.  Although  the  gen- 
eral public  is  less  familiar  with  the  works  of  Leverrier  on  the  stability 
of  the-  solar  system  aud  ou  tbe  theory  of  the  several  plauets,  these  are, 
nevertheless,  imperishable  monuments. 

Ill  a  different  field  Leverrier  proved  to  be  a  veritable  originator. 
Tbe  hurricane  which  fell  upuu  the  allied  fleets  in  the  Black  Sea  iu  1854 
and  caused  the  loss  of  the  French  ship  Henri  IV  is  still  remembered. 
Gales  had  been  sigualed  at  the  same  time  over  the  whole  of  Europe 
with  differences  of  f^om  one  to  two  days.  Leverrier  instituted  au 
iuqniry  among  the  observatories  of  the  several  countries.  It  was  found, 
npoQ  a  retrospective  examiuatiou  of  the  perturbation,  that  it  had  pro- 
gressed from  the  west  to  the  ea-st,  aud  that  through  telegraphic  warn- 
ing our  fleets  aud' armies  might  have  been  saved  from  the  disiister. 
Grasping  at  once  the  import  of  an  interuational  service  of  weather 
forecast,  he  applied  his  whole  diligence  to  the  puriwse.  As  early  as 
1S57  the  observatory  at  Paris  was  in  daily  receipt  of  telegrams  from 
all  parts  of  Kurope  an<l  inaugurated  the  service  of  notices  which  bivs 
since  been  imitated  the  world  over:  "To  signal  a  hurricane,"  thought 
he,  ''as  soou  as  it  may  make  its  appearjince  in  any  part  of  Kurope,  to 
follow  it  in  its  advance  by  means  of  tbe  telegraph  and  to  give  previous 
notice  to  such  coasts  as  it  may  visit,  such  is  tbe  ultimate  end  of  the 
organization  we  are  aiming  at." 

Moreover  he  was  looking  uix>n  that  scieuce  from  a  higher  standimint. 
The  laws  of  the  atmospheric  movements  cau  not  be  known  unless  all 
the  pheuomena  produced  are  examined  upon  a  large  area,  if  uot  over 
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tbe  whole  surface  of  the  eartli.  "Better,"  said  he,  "ascertatu  facts  in 
ill]  jtarts  at  one  tiine  duriug  the  year  thaa  to  keep  up  for  a  whole  cen- 
tury a  few  scattered  obKervatioiis."  Besides,  these  movementB  uudergo 
changes  in  each  region  according  to  local  conditions,  so  that  the  gen- 
eral manifestations  of  the  climate,  the  course  of  rainfall  and  of  tem- 
perature require  a  system  of  interdependent  observations.  Leverrier 
leaver  nothing  undone.  Ue  besjieaks  tbe  cooperatiou  of  foi-eigu  observ- 
atories for  the  forecast  service,  that  of  seafaring  men  for  the  meteoro- 
logical observatioDS  on  the  ocean,  that  of  all  willing  contributors  for  a 
knowledge  of  all  the  particulars  of  climate  in  Frauce.  We  have  inher- 
ited the  responsible  duty  of  continuing  thie  part  of  his  work,  and  have 
hardly  anything  better  to  do  thau  to  follow  ap  his  piogramnie.  Wonid 
that  we  could  fuiail  it. 

In  one  res[>ect  Leverrier  is  specially  entitled  to  our  gratitude.  He 
founded,  in  18U4,  the  Association  Scieutifique,  an  efficient  organiza- 
tion which,  ait«r  long  prosperity,  finally  consolidated  with  ours,  a  new- 
comer, so  as  to  constitute  a  compact  union  of  scientists  and  of  friends 
of  science  from  all  parts. 

I  again  And  hero' occasion  to  speak  of  one  of  your  fellow  ■townsmen. 
In  183"J  an  association  of  men,  moved  by  the  spirit  of  progress,  and  of 
which  de  Oauniont  was  the  most  active  member,  wished  to  place  ou  the 
footing  of  permanent  organization  certain  scientific  congresses  that 
had  already  met  regularly  for  a  number  of  years,  and  drafted  the  con- 
stitation  of  an  institute  of  the  provinces  whose  object  was  to  include 
all  men  of  letters  and  of  science  whose*  long  labors  had  won  for  them 
a  well-deserved  renown.  In  the  minds  of  its  founders,  that  society 
was  to  be  the  soul  of  the  academic  movement  in  France  and  the  depart- 
ments. They  exjiected  to  fiilflil  that  part  by  multiplying  calls  for  con- 
gresses, by  establishing  closer  relations  between  local  societies  and 
aciidemies,  thus  Icailing  them  to  greater  uniformity  in  their  work  and 
publications  so  us  to  unite  for  the  same  ends  the  large  amount  of  power 
scattered  all  over  the  soil  of  France. 

De  Caum<mt  was  indefatigable.  He  recklessly  spent  his  time  and 
his  own  fortune.  The  very  plan  of  the  undertaking  did  iierhaps  con- 
tain germs  of  weakness  for  the  future,  but  the  scheme  was  a  generous 
one,  and  although  they  never  met  with  any  of  the  encouragement  they 
might  have  anticipated,  the  founders  were  largely  instrumental  in 
arousing  scientific  activity  in  the  departments.  tTheir  efforts  have 
been  successful,  fur  it  cannot  he  denied'that  the  committee  of  scientific 
societies,  now  a  dci)endency  of  the  ministry  of  public  instruction,  the 
annual  meetings  of  the  Sorboune,  the  congresses  of  the  late  scientific 
association  and  the  sittings  of  the  French  Association  are  carrying 
out  under  various  forms  the  several  parts  of  the  vast  programme  that 
the  Institute  of  the  Provinces  had  set  up  for  itself.  After  holding  Its 
own  for  thirty-four  years,  the  Institute  of  the  Provinces  made  way  for 
the  I''rench  Association,  which  aimed  at  tbe  same  ends  with  better 
US  of  action  and  better  security  for  the  future.         OoOqIc 
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Da  Caumoiit  vaa  ntwTc  all  an  arcliitologiHt,  niid  he  lias  bis  iilace 
niiirked  among  the  leading  foundem  of  the  science,  but  the  part  be 
took  ill  developing  scientific  activity  in  the  provinces  in  liable  to  sooner 
puss  from  memory.  This  is  a  lit  occasion  on  which  to  pay  tribute  to 
bis  tM-hievements  in  intellectual  propagation. 

It  is  not  only  iu  tbe  scieDtiQc  domain  tliat  you  have  an  abundance  of 
local  celebrities.  You  have  already  done  justice  to  tbe  most  famous, 
bat  there  is  still  ample  material  from  which  to  designate  your  street;!  and 
pablic  squares  with  names  that  redound  to  the  glory  of  your  country. 

II. 

Yon  will  Bot  be  surprised  if  a  president  who  has  crossed  tbe  Atlantic 
and  thereby  been  kept  from  discharging  the  duties  that  &II  to  liim  last 
year  at  tbe  Besau^oD  congress,  now  feels  desirous  of  explaining  bis 
absence  and  of  layiug  before  you  some  reminiscences  of  the  American 
continent.  The  United  States  have  come  to  be  a  fashionable  topic. 
Tliey  have  been  much  talked  of  in  uew8pa[)ers  and  publications  of  all 
-  kinds,  in  a  rather  unkind  vein  at  first,  we  nmst  confess,  but  public 
oiiinioQ  has  since  undergone  a  perceptible  change. 

The  visitors  brought  to  that  country  by  the  Chicago  Exposition 
are  unanimous  in  cont'easing  their  opinion  that  while  the  manners 
tbere  widely  differ  from  ours,  tbe  Americans  in  the  North  constitute  a 
great  nation,  whose  influence  will  be  more  and  more  felt  on  the  ancient 
routinent. 

Djion  first  landing  in  the  Uniteil  States  one  is  not  very  favorably 
impressed,  {xtssibly  from  the  efi'ects  of  prejudice.  One  sees  there  rest- 
less people  wlio  rush  through  the  streets  as  through  the  halls  of  a  bank, 
with  no  other  care  than  business;  who  do  away  with  idle  talk  and 
forms  of  politeness  to  save  time,  and  whose  only  concern  seems  to  be 
about  tbe  number  of  dollais  that  the  day  will  bring  in.  In  that  land 
of  freedom  a  high  price  ajtpears  to  bo  set  on  everything,  public  oflice, 
access  to  the  bench,  and  the  stewardship  of  city  l^nds.  The  young  go 
i'lto  early  training  at  small  trades  which  enable  them  to  "make  money" 
tfbatever  may  be  the  circumstances  of  their  fathers,  and  launch  into 
eruateF  nndertakings  before  their  minds  have  gone  through  sutBcient 
intellectual  preparation.  The  girts,  who  generally  have  better  instruc- 
tion, direct  their  own  course  iu  the  world,  receive  friends  of  either 
sei,  and  being  without  tbe  attraction  of  a  dowry,  depend  upon  tbeir 
personal  gifts  and  charms  to  find  husbands  who  have  already  been  snc- 
tessfnl  in  business,  and  whom  tbey  are  to  win  for  themselves.  Outside 
of  cities,  and  not  remote  firom  tbe  Easteru  coust,  where  civdization  has 
longer  existed,  forests  have  been  burned,  either  for  the  purpose  of 
leaching  tbe  ashes  or  simply  for  making  a  clearing  at  small  expense, 
thas  absolutely  spuming  the  wealth  wasted  in  that  manner.  In 
meadows  or  cultivated  fields  charred  trunks  or  huge  stumps  stand  here 
and  there  as  witnesses  of  wanton  destruction,  and  have  beeu  left  on 
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Qte  «]M>t  becwuw  tbey  woold  not  yieM  eooagh  to  pay  for  more  com- 
pile remuTsL  lu  tbe  far  West  settlers  are  seldom  seea  without  their 
revtrivers.  vilh  which  they  are  anued  oot  only  for  defense  agiiiiist  aad, 
if  need  be.  the  BMTciless  extenuinatkMi  of  the  aborigines,  but  also  to 
fight  agaiui't  ne»mme»s.  and  thus  maiutaiu  possension  of  their  fletdH 
or  mines. 

The  moltitude  of  emigraDts.  vh^i  are  proue  to  bleud  their  variona 
<»igin8  and  to  coostitate  a  peculiar  race,  comes  iu  like  au  army  of 
invaders  gifted  vilb  Dnvonled  plock,  and  bent  on  mailing  the  most  of 
the  coautry  vithoat  many  eemples  or  mach  regard  for  the  future. 

I  need  not  say  that  such  a  picture,  in  spite  of  its  fouudatioD  of 
truth,  is  uo  more  accurate  than  a  cartoon  is  like  a  jiortrait,  bat  "Paris 
eu  Anieriiioe'  is  also  a  legend  that  must  be  taken  with  considerable 
allowtuice. 

And  yet  a  longer  intercourse  with  the  Americans,  a  more  thorough 
insight  into  their  priv'ate  Ures  and  pubhc  institutions,  a  |>artial  depar- 
ture from  the  European  standpoint  tmd  our  historical  traditions,  will 
very  soon  create  iu  us  a  genuine  sense  of  admiration  for  the  pro- 
digious results  they  have  achieved  in  a  few  centuries.  The  country 
has  received  its  true  charaeteristics  from  its  people  of  Auglo-Sason 
descent;  they  have  imbued  it  with  a  iii>irit  of  adventure,  of  profitable 
enterprise,  of  indeiiendence  and  liberty,  lliose  who  go  there  with  any 
ambition  for  success  must  |>erforce  conform  by  degrees  to  the  same 
ideas.  In  moitt  cases  the  process  of  assimilation  is  evidenced  by  their 
ra])idly  forgetting  their  mother  tongue.  Free  will  is  imi>eded  by  no 
trammels;  everyone  works  for  himself  and  his  own,  and  makes  as  few 
calls  as  iH>8sible  on  the  lesoarces  of  the  community. 

"Without  saj-iug  anything  of  the  geuenil  departments  of  the  Union 
and  of  the  several  States  which  might  profitably  be  considered,  1  only 
wish  to  call  your  attention  for  au  instant  to  the  part  taken  by  private 
initiative  in  scientific  matters.  Wo  all  have  within  us,  at  differeitt 
degrees  of  development,  the  notion  of  a  State — Providence — but  the 
State  is  not  equal  to  this  universal  function,  and  the  snp|iort  that  is 
too  often  demanded  as  of  right  from  it  is  detrimental  to  the  share  that 
each  individual  might  take  iu  matters  of  pubUc  interest. 

To  be  sure  there  are  benefactors  left,  in  ourcountry.  Several  names 
are  uiHm  your  lips,  and  they  would  be  the  first  to  admit  tliat  examples 
fnim  the  New  World  are  likely  to  enhance  tlieir  merits  iu  your  opinion. 
The  foundations  of  scientific  institutions  or  establishments  in  the 
United  States  are  of  two  kinds.  Some  are  progressive;  others  are, so 
to  Hi>eak,  extcmijoraneoas. 

In  the  year  I'WO  a  colony  of  Puritans,  persecuted  in  England  on 
account  of  their  religions  tenets,  came  to  America  and  founded  tlie 
t^)wn  of  Plyntouth,  on  the  coast  of  Massachusetts.  In  1030  others  of 
their  faith  from  Boston  and  other  parts  of  England  settled  Boston, 
UusKachuKctts,  near  Plymouth;  their  new  city  has  e-jlipsed  the  motter 


uy  Google 


THE  AGE  OF  ELECTRICITY.  161 

town  in  a  singular  maouer.  Id  1636  the  general  court  appropriated  a 
Biun  of  $2,000  for  the  fouiidatioa  of  a  college,  especially  denommational 
in  iU  character,  in  a  ueigbboring  place,  which  Boon  assumed  the  name 
ofCambridge  Id  remeiDbrance  of  the  celebrated  univeraity  at  which 
m(»t  of  the  colonists  had  received  their  ediicatiou.  Two  years  there- 
aft^  Rev.  John  Harvard  bequeathed  oue-balf  of  his  property  and  t)ie 
whole  of  his  library  to  the  new  college.  Such  was  the  origin  of  Har- 
vard College,  which  later  became  the  Harvard  University. 

That  example  of  private  donations  has  been  oniuterrnptedly  followed 
ever  since.  The  institution,  which  had  very  hard  beginnings,  refused  ' 
no  offeriogs,  however  modest.  The  list  includes  a  lot  of  sheep,  9  shil- 
lings' worth  of  cotton,  a  pewt«r  pot,  a  fruit  dish,  a  sugar  spoou,  a  pitcher 
inlaid  with  silver,  etc.  Tbe  college  subsequently  received  the  income 
of  the  ferry  which  crossed  tbe  river. 

During  many  years  tbe  history  of  the  college  is  but  a  narrative  of  a 
snccession  of  financial  difficnlties;  of  strife  with  tlie  city  council,  that 
sought  to  maintain  its  (M>utrol  over  tbe  institution ;  with  tbe  govern- 
ment of  the  metropolis,  with  which  the  sentiments  of  the  founders 
found  little  favor ;  and,  lastly,  with  the  Alergy,  to  the  end  that  teachers 
and  students  might  preserve  their  rehgiotis  independence  aud  that  tbe 
scope  of  teachiug  be  enlarged.  Some  of  the  buildings  were  destroyed 
by  several  fires,  but  in  these  instances,  barring  the  regret  felt  for  tbe 
loss  of  the  articles  destroyed — as,  for  instance,  the  library  of  Harvard, 
the  founder,  which  had  theretofore  been  preserved  as  a  relic — the  evil 
proved  a  blessing  in  the  end,  for  private  contiibution,  under  the  emo- 
tion caused  by  the  calamity,  supplied  means  far  in  excess  of  the  losses 
sustained  by  tbe  disaster. 

Even  in  the  midst  of  the  ordeals  canned  by  tbe  Revolutionary  and 
civil  wars,  the  institution  constantly  added  to  its  wealth  and  continued 
its  onward  march.  It  shakes  off  at  last  every  ontside  influence  and 
acquires  absolute  autonomy.  Harvard  University  at  the  present  day 
constitutes  a  powerful  corporation,  which  includes  faculties  of  arts, 
sciences,  theology,  law,  medicine,  dental  and  veterinary  surgery,  and 
agricttltnre.  In  1891-92  there  were  2^  teachers  of  various  grades  and 
2,700  studente,  wbo  were  the  recipiente  of  subsidies  in  various  shapes, 
prizes,  or  cost  of  tuition  amounting  to  $85,000. 

In  1891  tbe  aggregate  of  ordinary  receipts,  income  fh)m  viu'ious 
sources,  and  money  paid  for  instruction,  was  $960,000.  Over  and 
above  these  sums,  there  was  received  during  the  year  $100,000  to  add 
tothecapltel  and  $66,000  for  immediate  use,  without  taking  into  ac- 
count the  donations  in  kind  sncb  as  scientific  collections  or  implements. 
Tbe  greater  portion  of  the  capital  comes  from  gifts  without  any  special 
appUcation  and  remains  at  the  disposal  of  the  directors;  about  one- 
fifth  consists  of  special  funds  destined  for  tbe  erection  of  buildings,  the 
maintenance  of  certain  chairs,  laboratories,  gymnasiums,  lecture  balls, 
or  for  special  investigations.  It  is  proper  to  mention  at  this  plac«  the 
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admirable  Museum  of  Comparative  Zoology  founded  by  Louis  Agassiz, 
as  well  aa  the  observatory  established  by  Bond  in  1840,  which  com- 
mauds  a  revenue  of  ita  own  such  as  to  enable  it  to  maintain,  besides 
the  mother  iustitntion  and  transient  missions,  three  meteorolgioal  sta- 
tions in  the  United  States,  a  permanent  astronomical  observatory  at 
Arequipa,  Peru,  2,600  meters  above  the  level  of  the  sea,  and  a  meteo- 
rological station  on  Monnt  Chachani,  Peru,  at  an  altitude  of  5,460 
meters. 

The  university  si>ends  it8  income,  but  when  confronted  by  some  new 
reauirement  it  need  not  be  embarrassed.  Such  is  the  popularity  it 
enjoys  that  all  it  needs  to  do  is  to  publish  a  notice  in  the  daily  press 
that  a  sum  of  $50,000  is  deemed  necessary  for  the  eatablisbment  of  a 
chair  of  histology  or  of  the  Peruvian  language,  and  in  a  fortnight  the 
snm  will  be  subscribed. 

It  happens  that  some  of  the  donations  canse  the  directors  considera- 
ble embarrassment;  such,  for  instance,  as  the  pension  applicable  to  the 
maintenance  of  a  pastor  of  Indian  extraction.  Not  only  are  the  origi- 
nal races  indiS'erently  adapted  to  the  duties  of  a  Christian  pastor,  but 
the  incumbents  themselves  will  fail  on  the  day,  that  may  be  near  at 
hand,  when  They  shall  have  disappeared  before  the  advance  of  a  civili- 
zation they  can  not  withstand. 

A  number  of  institutions  of  learning,  charity,  or  public  utility  have 
had  a  similar  origin  in  the  several  States,  and  have  in  time  grown 
always  in  proportion  to  the  good  they  have  done.  But  the  pace  mast 
be  quicker  in  these  days  of  ours.  Cities  thrive  at  a  more  rapid  rate, 
and  each  State  strives  to  do  as  well  as  the  neighboring  States  or  better. 

Chicago  was  last  year  the  focus  of  public  attention,  and  our  country- 
men have  had  some  share  in  founding  that  great  city.  For  these  two 
reasons  we  shall  refer  to  it  for  some  examples.  The  Institute  of  Fine 
Arts  of  Chicago,  incorporated  under  legal  authority  in  1879,  erected  in 
1892,  after  occupying  several  temporary  homes,  a  palace  that  cost 
4600,000.  I  give  the  figures,  because  everything  is  measured  by  them 
in  America.  This  institute  is  nothing  more  than  an  association  organ- 
ized for  the  public  good,  and  all  its  revenues  are  applied  to  the  advance- 
ment of  art.  It  receives  no  subsidy  from  the  State  or  the  city;  it  has 
no  other  source  of  income  than  the  tuition  fees  and  private  contri- 
butions. It  has  barely  made  a  start  and  it  already  owns  valuable  col- 
lections, donated  by  private  citizens,  some  of  which  are  entitled  to  the 
mnch  coveted  name  of  being  the  greatest  in  the  United  States,  pending 
the  time  when  they  will  be  the  greatest  in  the  world. 

The  first  university  of  Chicago,  begun  in  1858,  was  not  a  success. 
It  closed  its  doors  iu  1886.  Iti  1889,  Mr.  John  U.  Rockefeller,  after 
taking  reliable  ad^'ic(!,  undertook  to  resurrect  it  and  began  with  a  dona 
tion  of  $000,000,  subject  to  that  noteworthy  condition  that  9400,000 
more  be  collected  by  subs(Tiption  before  a  certain  date,  for  he  wanted 
to  make  sure  that  the  public  would  approve  his  undertaking.    Enconr- 
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aged  by  the  success  then  achieved,  he  added,  in  1890,  tl,000,000  to  his 
origiDal  contribntiou;  then,  in  1892,  one  thoasaiid  5  per  cent  bonds, 
representing  another  million.  In  the  same  year  Mr.  Marshall  Field 
dooated  9100,000  for  a  special  purpose,  on  conditioD  that  a  million 
dollars  be  secaied  by  subscriptions  within  ninety  days,  and  all  was 
snhacribed  before  the  appointed  day.  In  the  month  of  December  Mr. 
Bockefeller  again  contributed  bonds  for  $1,000,000.  The  same  inflax 
of  liberality  occtured  in  1893,  when  again  donations  are  made  condition- 
ally, and  the  required  complement  never  fails  to  realize  at  a  stated 
time. 

This  infant  nniversity,  which  lias  kept  the  name  of  its  fbunder,  Mr, 
Rockefeller,  is  almost  as  wealthy  already  as  it^  elder,  Harvard.  It  has 
teachers  in  every  branch  of  learning,  aud  its  material  equipment  is 
such  as  to  excite  mach  envy.  It  ia  not  my  object  to  go  into  an  exami- 
nation of  the  conrses,  but  one  may  rest  assured  that,  with  the  command 
of  such  resources,  a  supply  which  is  never  exhausted,  and  the  facility 
thus  afforded  of  calling  men  of  the  highest  merit  to  its  chairs,  the 
rniveraity  of  Chicago  has  a  great  future  in  store,  and  it  will  make  its 
mark  in  scientiflc  advancement. 

1  have  no  desire  to  continue  dazzling  you  with  figures;  all  I  should 
have  to  do  would  be  to  quote  freely  from  the  documents  distributed  with 
readiness  by  the  Americans, 

The  Armour  Institute  bears  a  name  which  the  trade  in  food  prodacts 
has  made  known  over  the  whole  world.  This  tells  for  itself  where  the 
dollars  come  from.  This  institation  now  comprises  nine  departments 
for  the  simultaneons  teaching  of  letters,  flue  arts,  sciences  aud  their 
applications,  household  arts,  education,  and  commerce.  "The  Annour 
Institute,"  says  the  programme,  "  aims  to  help  those  who  are  willing  to 
help  themselves  and  to  educate  the  head,  hand,  and  heart" — the  three 
"ts",  as  they  style  it  over  there. 

The  same  methods  obtain  in  all  the  States,  whether  young  or  old.  It 
would  require  a  volume  to  convey  an  idea  of  the  liberality  with  which 
the  citizens  act  toward  the  institntions  of  learning,  whatever  be  their 
degree. 

Astronomy  enjoys  especial  favor.  Observatories  with  greater  or  less 
endowments  are  erected  in  all  parts;  but,  save  that  at  Washington, 
which  is  Federal  property,  nearly  all  the  others  are  private  foundations 
with  resources  which  to  us  are  not  usual.  The  largest  telescope  yet 
known,  built  for  the  Chicago  Observatory,  was  at  the  Exposition. 

The  founder  of  the  Pulkowa  Observatory  expressed  the  desire  that 
it  might  possess  a  telescope  as  powerful  as  any  that  was  to  be  found 
in  the  world ;  the  Americans  are  bent  on  having  the  largest.  It  is  the 
ancient  fable:  Bacchus  created  a  wonderful  fox  that  could  not  be  ont- 
ron;  Vulcan,  on  the  other  hand,  gave  to  a  dog  of  bis  own  making  the 
Acuity  of  overtaking  any  animal  that  it  might  chase.  "Then  it  came 
to  pass  that  both  beasts  met."  In  the  present  case  all  the  appear 
aoces  are  in  favor  of  the  Yankee  god  coming  out  best. 
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And  yet  America  occapies  even  now  a  jdace  of  bonor  in  astfoDcnnica] 
discoveries,  and  lier  share  grows  greater  every  day.  Besides,  every 
science  is  rapidly  progressiog  there,  and  ber  scieDtists  of  the  first  raob 
are  multiplyiug.  There  will  sooq  be  uothiDg  except  history  for  which 
the  United  States  can  envy  the  natious  of  the  old  contineDtfi. 

You  will  no  doubt  hold  that  it  is  a  grand  sight  to  behold  a  [teople 
against  whom  the  charge  of  avarice  and  of  immoderate  lust  of  gain  is 
readily  brought,  show  themselves  so  nniversally  considerate  of  the 
pnblic  weal  and  achieve  such  results  either  through  the  oontinuons 
action  of  the  citizens  or  through  princely  foundations,  whether  it  be  a 
question  of  charitable  institntiona,  model  hospitals,  fine  arts,  primary 
or  trade  schools,  institutions  for  the  training  of  engineers  or  machinists, 
or  of  institutions  of  learning  fur  the  intellectual  elevation  of  the  mind, 
and  all  without  any  design  for  commercial  gain.  Men  of  pluck  and 
daring  make  fortunes  in  a  short  time.  They  are  not  to  the  same  est«ut 
as  we  are  intent  on  letting  their  heirs  profit  by  the  whole  of  their 
wealth.  In  the  same  manner  as  titles  of  nobility  are  sought  after  else- 
where, they  have  at  heart  to  perpetuate  their  names  by  enduring  deeds 
that  will  do  good  to  the  community  or  honor  to  the  country. 

Are  our  efforts  in  that  direction  to  be  compared  with  those,  even 
though  we  nay  take  into  consideration  all  the  liberal  gifts  it  would  be 
unfair  to  ignoret  Do  not  those  who  are  among  the  foremost  favorites 
of  fortune,  cither  by  grace  of  their  ancestors  or  through  personal  indns- 
try,  experience  greater  difficulty,  as  I  look  upon  it  fh>m  some  distance, 
in  putting  their  wealth  to  good  use  than  they  ever  had  in  coming  by  itT 

I  am  well  aware  of  the  fact  that  the  greater  number  of  institutions 
in  our  country  are  under  State  control  and  that  no  one  thinks  much  of 
giving  to  the  State,  because  such  donations  are  merged  in  the  ocean 
of  appropriations.  The  French  Association  is  free  from  such  objec- 
tions. It  is  a  private  institution,  founded  by  men  of  honest  purpose 
whose  object  was  the  advancement  of  science  for  the  good  name  of  the 
country.  It  promotes  that  purpose  by  calling  these  meetings,so  fraught 
with  good  results,  that  bring  us  together  at  various  parts  of  onr  terri- 
tory. It  strives  to  assist  single-handed  investigators  and  applies  the 
best  part  of  its  resonrses  to  such  assistance.  It  lacks  none  of  the  requi- 
sites that  should  receive  the  attention  of  donors  and  it  deserves  to 
attract  it.  We  already  find  great  encouragement  in  onr  circumstances. 
The  total  receipts  from  donations,  bequests,  and  fonnders'  shares  exceed 
1 ,000,000  francs  at  the  present  time.  It  is  proper  to  separate  therefrom 
the  legacies  of  Messrs,  Brunet,  Legrou,x,  Fontarive,  and  Girard  (this 
latter  being  set  apart  for  the  section  of  anthropology),  which  aggregate 
over  400,000  francs. 

If  1  may  be  allowed  to  throw  out  a  hint  for  those  who  may  be 
encouraged  by  these  examples,  I  would  suggest  that  the  nature  of  the 
investigations  they  intend  to  further  be  not  defined  with  too  narrow 
preciseness.    We  need  not  fear  that  we  might  be  required  to  ma'"*^*'" 
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an  Indian  pastor,  bat  Bcience  iB  making  unceasing  strides  forward; 
questions  present  tbemselves  under  altered  forms,  new  ones  come  up, 
and  otLerfi  again  unexpectedly  command  more  interest  than  conld  have 
been  anticipated.  The  board  of  directors  of  the  association  is  com- 
posed of  recognized  savants  who  will  manage  sacb  fauds  as  may  be 
intmsted  to  their  care  to  the  best  advantage  of  science  and  country. 

in. 

Tradition  requires  that  the  president  of  your  academy  shonld  im. 
part  to  yoa  his  comments  on  the  advance  made  in  such  branch  of  the 
sciences  as  may  have  received  his  greatest  attention.  My  duties  might 
perhaps  lead  me  to  speak  of  the  weather.  It  is  a  topic  that  is  always 
in  order.  Bat  electricity  has  reached  so  prominent  a  place  in  indastrial 
and  social  matters  that  yoa  will  readily  pardon  me  for  endeavoring  to 
retrace  some  of  the  features  of  its  history. 

The  science  of  electricity  dates  from  at  least  as  remote  a  period  as 
classic  antiquity,  but  it  did  not  really  come  into  favor  until  the  course 
of  the  eigbteentb  century.  Experiments  then  began  to  multiply,  in 
some  confusion  at  first,  for  most  of  the  important  facts  were  made 
known  at  the  same  time.  Order  was  gradually  established.  The  con- 
dactibility  of  various  mediums,  the  two  kinds  of  electricity,  and  con- 
densation, were  discovered  in  turn.  The  transmission  of  signals  to  long 
distances  was  even  conceived,  while  De  Romas  and  Franklin  ascertained 
the  identity  of  lightning  and  electrical  sparks.  There  seemed  to  be 
nothing  left  undone  after  Coulomb  had  demonstrated  that  the  reciprocal 
action  of  electrified  bodies  and  magnets  was  the  same  as  that  of  uni- 
versal gravitation.  The  mathematical  methods,  as  perfected  by  the 
astronomers,  were  applied  to  the  new  science,  and  the  phenomena,  or  at 
least  most  of  them,  were  to  be  deduced  by  mere  calculation. 

To  be  sure  Yolta  made  thereupon  ao  unexpected  discovery,  the  voltaic 
pile,  at  the  effects  of  which  Lis  contemporaries  marveled ;  but  there  will 
always  be  shortsighted  minds  entertaining  the  notion  that  human 
progress  is  drawing  near  the  bounds  of  its  course. 

In  a  History  of  Galvanism,  published  in  180S  and  not  extensively 
read  in  oar  days  (who  among  us  can  cherish  the  hope  of  being  read  a 
century  henveT),  the  author  returns  a  very  fit  answer  to  the  objection 
of  those  who  believe  that  history  should  not  be  published  until  it  is 
absolutely  complete;  but  he  proceeds  thus: 

"Moreover,  if  fresh  material  compels  us  to  publish  a  third  part,  as 
it  will  consist  of  new  matter  distinct  from  that  of  the  first  two,  it  wilt 
answer  as  a  sequel  to  those  two,  and  will  perhaps  make  up  the  conclu- 
sion of  the  History  of  Galvanism,  which  may  be  nearer  its  end  than  is 
generally  believed." 

It  was  an  unfortunate  prediction,  for  he  was  forthwith  compelled  to 
ftdd  a  third  and  even  a  fourth  part;  he  would  havo  many  more  addi- 
tions to  make.    The  First  Conaol  bad  better  judgment,    S'oor  years 
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before,  od  tlie  16tli  Bruinaire  of  the  year  10,  after  attending  the  sitting 
of  the  institate  at  which  Volta's  paper  on  the  pile  was  read,  he  was 
struck  with  the  idea  that  it  wonid  be  a  credit  to  France  to  open  a  con- 
test to  which  all  the  scientists  from  all  countrieB  should  be  invited,  and 
to  award  an  extraordinary  prize  "to  the  most  vaJnable writiag  on  this 
branch  of  physics  which  seemed  to  open  the  way  for  great  discoveries." 

Progress  in  science  is  made  by  starts,  when  a  felicitous  exiteriment 
or  a  stroke  of  genius  brings  a  change  iu  its  confines.  It  took  over 
twenty  years  after  Yolta  to  find  whether  any  perceptible  phenomenon 
takes  place  iu  the  copper  couductor  wliich  connects  the  two  iwles  iu 
the  pile.  The  discovery  of  Oersted  and  the  immortal  investigations  of 
Ampere  established  a  relation  between  electricity  and  magnetism ;  iron 
was  magnetized  by  means  of  currents  and  electrical  telegraphy  was  the 
result. 

But  what  a  number  of  questions  then  coofronted  onr  minds.  As  long 
aa  the  phenomena  remained  independent  of  one  another,  they  could  be 
explained  by  special  theories  applying  to  each  one  of  them.  It  was  the 
day  of  fluids.  After  the  caloric  fluid,  it  cost  no  greater  eflbrt  to  imagine 
the  two  electric  Huids  and  the  two  magnetic  fluids,  to  say  nothing  of 
the  neutral  fluids  required  to  connect  them,  and  the  ether  with  which 
the  universe  was  filled  to  serve  as  a  medium  of  traosmissiou  of  light. 
No  true  philosophy  can  be  based  ou  such  a  multiplicity  of  independent 
entities,  for  phenomena  are  not  confined  in  distinct  provinces  with  their 
immediate  causes.  Ampere  had  already  pointed  out  that  it  would 
undoubtedly  be  necessary  to  turn  to  the  intervention  of  the  fluid  that 
pervades  all  space  iu  order  to  explain  the  forces  that  operate  between 
conductors  carrying  electric  currents. 

The  agent  itself  remains  a  mystery,  a  title  that  electricity  enjoys  by 
privilege,  as  it  were.  Yet  we  must  admit  without  looking  back  to  the 
origin  of  all  tilings,  that  science  is  everywhere  face  to  face  with  myste- 
ries— universal  gravitation,  heat,  constitution  of  bodies,  light,  electric- 
ity, magmetism,  life, — 

While  habit  impels  as  to  accept  such  of  these  as  come  under  the 
more  direct  observation  of  our  senses,  they  remain  none  the  less  inex- 
plicable, and  we  must  confine  ourselves  to  a  study  of  experimental  laws, 
more  or  less  connected  by  other  laws  of  a  more  general  character,  with- 
out any  possibility  of  penetrating  the  intimate  structure  of  the  universe. 
One  of  the  great  minds  of  our  age,  in  whose  presence  wonder  was 
expressed  at  the  iuexi)licability  of  certain  phenomena,  remarked  with 
profound  meaning:  "Tell  me  what  electricity  is  and  I  will  tell  you  all 
the  rest." 

After  Oersted  and  Ampere,  a  great  step  remained  to  be  made. 
"When  it  is  seen,"  said  Fresnel  in  182(),  "that  an  electric  current 
running  through  a  metallic  helix  wound  around  a  steel  cylinder  mo- 
netizes the  latter,  it  seems  natural  to  try  whether  a  magnetized  bar 
<n  not  capable  of  producing  a  voltaic  current   in   the  Rurroondiug 
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helix;  not  that  this  be  at  first  sight  a  natural  couseqaeiice  of  the  facts 
-   -    -    yet  I  tUoagbt  it  vould  not  be  an  idle  experimeut  to  attempt.^* 
The  reenlt  was  diaappointing,  and  Fresnel  concladea  that  oniioas 
paper  with  the  following  words: 

"I  must  add,  in  behalf  of  M.  Ampere,  that  the  slight  movements 
that  he  had  noticed  in  a  magnetic  needle  when  he  brought  near  to  it  a 
circuit  of  brass  wire,  a  part  of  which  was  spirally  wound  around  a 
magnet,  were  not  repeated  in  a  constant  manner,  and  besides  that 
they  were  so  slight  that  be  would  not  have  made  that  experiment 
public  had  he  not  felt  certain  from  the  success  of  my  own  experiment, 
of  which  be  entertained  no  doubt,  that  these  slight  motions  were  also 
caused  by  an  electric  current  produced  by  the  magnet  acting  upon  the 
helix  wound  aronnd  it." 

We  may  rely  on  the  notorious  awkwardness  of  Ampere  for  an  assur- 
ance that  his  helix  was  not  attached  to  the  magnet,  that  it  was  thrown 
oat  of  shape  while  a  portion  of  the  wire  was  brought  near  the  needle, 
and  that  he  had  actually  discovered  the  induction  currents;  it  will 
suffice  to  repeat  his  experiment  without  any  modification. 

Shortly  thereafter  Daniel  Colladon,  in  whom  the  last  figure  of  an 
illustrious  generation  has  just  disappeared,  also  investigated,  by  a 
more  delicate  process,  whether  a  very  powerfiil  magnet  will  produce 
an  electric  current  in  a  helix  by  being  brought  near  it.  The  helix  was 
connected  with  a  galvanometer  aud  the  latter  was  kept  in  a  separate 
room  so  as  to  preclude  any  direct  action  of  the  magnet.  After  making 
all  preparations  for  the  experiment  and  putting  the  magnet  in  posi- 
tion, Colladon  would  go  and  inspect  his  galvanometer.  He  probably 
did  so  without  great  haste,  for  the  index  was  motionless  and  at  the 
same  point  where  it  stood  before. 

"1  had  not  suspected,"  said  be,  "that  induction  could  only  be 
inatantaneous.  If  I  had  had  an  assistant  he  wonld  have  seen  for  me 
the  displacement  of  the  magnetic  needle  occurring  at  the  instant  when 
I  brought  the  magnet  near  the  helix." 

It  has  sometimes  been  said  that  the  induction  currents  are  the  sen- 
Ines  charged  with  the  protection  of  the  principle  of  the  conservation 
of  ene^y.  Nothing  is  produced  without  an  expense  of  labor,  and  the 
&UnT«  of  the  preceding  experiments  was  due  to  a  siugular  oversight 
of  that  principle. 

The  discovery  by  Arago  of  the  effect  of  copper  plates  in  abating  the 
oscillations  of  magnetic  bars,  aud  of  the  attraction  of  these  bars  by 
conductive  mediums  in  motion  was  giving  there  and  then  the  clew 
to  inductive  currents  and  the  energy  necessary  for  their  maintenance. 
Again  they  were  at  hand  when  Ami>6re  and  Colladon  went  over  the 
aame  experiments  by  subatitnting  helices  conducting  a  current  for  the 
bars,  and  when  Fresnel,  in  au  experiment  that  remained  unpublished 
for  a  long  while,  demonstrated  that  by  increasing  tlie  weight  of  the 
magnetic  bar  with  a  copper  bar,  the  oscillations  were  modified  with 
greater  rapidity  than  the  increased  mass  of  the  whole  wonld  lead  to 
suppose.  iX.OOglc 
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Finally,  I  have  it  as  a  traditioo  that  once  Ponillet,  ebowiDg  in  a 
lecture  tbe  properties  of  an  amunally  povrerfal  electro-magnet,  was  so 
raeb  as  to  break  with  both  his  hands  the  exciting  current  so  as  to 
sbow  that  tbe  magnetic  force  bad  instantly,  almost  wbolly,  disappeared. 
He  received  a  sbock  vbicb  came  near  striking  him  down.  We  now 
knov  that  tbe  extra-carrent  of  mpture  had  run  tbroagh  bis  body. 

The  experiments  made  before  tbe  days  of  Faraday  show  how  obscnre 
is  the  path  that  leads  to  tbe  anknowu  and  how  bard  it  is  to  put  to  a 
practical  use  tbe  precepts  of  philosophers,  altbongb  their  principle  ma; 
be  excellent.  The  indactiou  currents  bad  been  sought  alter  without 
being  found ;  they  were  found  without  being  seen.  Tbe  best  minds  bad 
a  preconceived  notion  of  them  which  no  doubt  would  have  soon  taken 
the  shape  of  demonstrated  facts,  but  so  many  fiulures  only  enhance  tbe 
fame  of  the  true  originator  of  modern  electricity.  We  can  thus  realize 
bow  bitter  were  the  feelings  of  Amp&re,  wbo  had  bad  this  signal  dis- 
covery witliin  bis  grasp;  and  after  all  be  left  in  tbe  history  of  sciences 
a  good  enough  record  to  preclude  envy  of  bis  successors. 

As  to  Faraday,  he  lived  in  a  world  of  notions  that  were  peculiarly  his 
own.  He  bad  but  little  regard  for  old  paths  and  followed  tbe  lead  of 
his  genius.  He  was  a  skillful  experimenter  and  knew  how  to  inferpret 
phenomena  in  accordance  with  what  seemed  to  him  to  most  closely 
conform  to  nature,  heedless  of  accepted  theories  and  current  ideas.  To 
indiscreet  questions  on  the  subject  of  Lis  presentexperiments  be  would 
answer  with  the  most  sincere  modesty:  "Do  not  ask  me;  I  am  seeking 
for  absurdities," 

It  has  subsequently  been  found  that  the  induction  cnrrenta  are  a 
necessary  consequence  of  the  general  laws  and  that  they  might  bave 
been  foreseen;  foresight  is  easy  as  an  aftertbongbt. 

It  would  be  superfluous  to  dwell  on  tlie  universal  applicability  of  tbe 
inductive  currents.  They  are  found  in  telegraphs,  in  our  faonse  bells, 
in  that  recent  wonder  the  telephone;  they  are  the  key  to  the  present 
condition  of  industrial  electricity;  they  are  displayed  in  tbe  indirect 
effects  of  lightning,  in  those  produced  upon  telegraphic  circuits  by 
the  variations  of  terrestrial  magnetism,  in  the  grand  apparitions  of  the 
polar  auroras;  they  even  seem  to  resi>ond  on  our  globe  to  the  physical 
disturbances  which  incessantly  affect  the  solar  mass,  and  thus  enable 
US  to  perceive  through  tbe  vacunm  of  space,  if  not  tbe  celestial  har- 
mony, at  least  the  echo  of  the  terrific  commotions  of  which  the  center  of 
our  planetary  system  is  the  seat. 

At  the  same  time  Faraday  resumed  the  study  of  electrical  influence, 
a  question  that  wits  thought  to  bave  been  solved  long  ago,  and  pre- 
sented a  new  interpretation.  Tbe  conception  of  the  force  lines,  wbicb 
was  tbe  fruit  of  that  study,  bas  made  it  possible  to  put  into  physical 
Bba{>e,  so  to  speak,  the  most  abstrm't  results  of  analysis.  Ffuwiay 
gave  prominence  to  this  fruitful  conception  by  a  succession  of  skillfully 
conducted  experiments  and  intuitive  deductions.    It  coold  properly  be 
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said  of  him  that,  witbont  figariiig  out  any  computatioD  and  wittiout 
writing  down  an  equation,  lie  had  proved  himself  a  great  geometrician. 

Faraday'a  miod  carried  him  further.  He  imagined  that  the  very 
notion  of  action  from  a  distance  conld  not  stand,  and  that  in  every 
instance  the  iDtervenitig  medium  plays  the  leading  part  To  electrify 
a  body,  to  produce  a  magnet,  is  bnt  to  modify  the  conditions  of  the 
medium  by  which  they  are  surrounded,  and  the  forces  that  may  be 
broaght  out  in  tlie  field  of  action  are  bat  a  manifestation  of  the  elastic 
properties  of  the  intervening  mediam. 

The  condition  of  the  flnid  theory,  then,  appears  considerably  dam- 
aged; it  was  even  worse  when  Faraday  discovered  after  numerous 
attempts — the  secret  of  which  be  kept— that  a  ray  of  bght  is  altered 
in  passing  through  a  magnetic  field  produced  by  magnets  or  currents; 
80  that  there  is  a  connection  among  them  all — electricity,  magnetism, 
light,  and  consequently  heat.  We  have  no  longer  before  us  isolated  per- 
sonages acting  independently  of  one  another,  but  the  several  actors  in 
the  great  drama  of  nature  which  each  one  renders  under  a  particular 
form;  whose  passions  come  in  conflict  and  undergo  transformations  as 
the  plot  progresses;  the  spectator,  human  intellect,  at  first  listened  to 
the  several  parts  in  turn ;  he  is  aware  to-day  of  a  common  action  and 
of  a  general  bond  which  will  probably  remain  the  great  mystery. 

TJniverBal  gravitation  itself,  which  was  held  to  be  the  type  of  action 
from  a  distance,  must  be  subject  to  the  common  rule  and  find  its  true 
explanation  in  the  structure  of  the  medium  which  fills  the  celestial 
space. 

One  of  oor  best-beloved  masters,  before  whom  the  example  of  the  sun, 
which  attracts  the  earth,  was  given  as  an  objection  to  these  ideas,  said: 
"Have  you  seen  his  handsT  If  the  sun  attracts  the  earth,  he  must  have 
bands  and  a  string." 

The  adoption  of  a  system  of  interdependent  measures  for  electric  and 
magnetic  phenomena  which  worked  invaluable  good  in  industrial  appli- 
cations had  previously  been  the  starting  point  of  immense  progress 
in  the  province  of  pure  science.  It  has  been  ascertained  that  If  the 
same  quantity  of  electricity  is  measured  by  Coulomb's  law  on  recipro- 
cal actions  or  by  the  magnetic  properties  of  currents  the  ratio  of  the 
two  values  is  a  physical  velocity,  and  it  was  found  by  experiment 
to  be  virtnally  at  the  same  rate  as  the  velocity  of  the  propagation  of 
tight  Such  a  coincidence  could  not  be  the  efi'ect  of  mere  accident;  it 
bespoke  a  close  connection  between  electricity  and  light 

Clerk  Haxwell,  who  had  made  a  profound  study  of  Faraday's  works 
on  the  action  of  the  mediums,  thought  that  they  were  the  actual  seat 
of  electrical  phenomena.  In  a  learned  mathematical  analysis  he  proved 
that  luminous  undnlations  maybe  explained  by  means  of  currents  whose 
frequent  alternations  excite  other  cnrrents  in  the  adjacent  parts  and 
propagate  from  place  to  place,  in  which  case  the  velocity  of  propaga- 
tion would  be  nothing  else  than  the  celebrated  ratio  of  units  of  measure- 
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BVcL  li^L  tkm.  voald  be  »  eonbinatioD  of  electric  cttneDts,  cbar- 
*fi*tia>J  br  tbt  {wodijiioas  frrqaeorj  of  alternations,  a  billion  doriDg 
a  KlboDik  of  a  fvnwiL  Aaipcve  eoald  not  foresee  that  the  specnlatiMia 
of  ki$  iB«j:utai».>a  v<mqM  so  mnmi  be  pat  iu  so  precise  a  form. 

VajcwC^  iV«tnr.  bowrer.  was  not  accepted  without  many  reeerva- 
tioEi$;  it  $::i:  laded  iWcnofimtttioa  of  experimeot,  for  the  propertieB 
•f  ibe  dwWtnts  «b«T  bai  in  an  impo^ect  manner  the  lavs  as  indi- 
catvd.  Heru'siexpeffiBimisaStiirdalamemorableconfirmation.  Thanks 
to  tW  dtjicowTJvci  4>f  ibe  itjviHiiur  and  the  investigations  of  the  physi- 
cists wb»i  &<X>«v<]  in  tis  AK4?t«ps.  the  demonstration  is  now  made  tJiat 
the  rhmiW  oi»rii:^tk>u^  naw)  -with  the  same  velocity  as  light,  that  Hiey 
pn>dac«  ih^*  isuue  pbvonicMMu  o(  interference,  that  they  are  subject  to 
the  stMi-  lavs  of  wAtvik-n  and  refraction:  they  conld  be  perceived  by 
the  eye  if  it  were  |M«ssit^  to  pve  them  the  same  frequency.  That 
extreme  lim:t  ts  stil!  itr  irvm  i»^g  reached,  since  the  shortest  electric 
■ndulaitom  that  havt*  bwo  ob^vrved  are  not  less  than  several  centi- 
meiets.  thai  i:>,  tMie  faandred  tbousanat  times  longer  than  those  of  light 

So  that  all  the  pbeotttneQa  which  w^e  at  first  ascribed  to  variouB 
indepcndeni  cau$««  mast  nA>T  t>e  explained  by  means  of  the  mechanical 
properties  ot  a  single  ntediau  which  exists  in  the  vacuum  of  space, 
and  is  more  or  less  uodidnl  by  ponderable  bodies.  We  have  here 
a  philosophical  Mtuception  which  is  not  larking  in  grandeur,  but  which 
makes  the  tusk  of  the  uuthemaiician:?'  a  pecubarly  hard  one,  and,  may- 
be, extends  beyond  the  nui^  of  the  human  mind.  As  long  as  it  was 
only  a  (|uestion  of  ima^uiii^  the  fracture  of  the  mediom  capable  of 
transmitting  hght  the  problem  was  ct>mparatively  easy,  and  yet  it  has 
exercised  the  su<:acily  of  the  most  eminent  men  without  our  being  yet 
able  to  affirm  that  i(  has  been  si>lve«l.  What  is  it  now,  when  we  most 
turn  for  everything  to  a  veritable  Pioteast  Oar  successors  will  not 
be  idle. 

niiile  the  alternate  correitts  have  taken  such  a  prominent  part  in  tite 
development  of  theoretical  notions,  their  importance  in  practice  baa 
been  just  as  great.  All  the  methods  of  producing  inductive  currents 
without  intermption  naturally  supply  them  in  the  alternating  form, 
because  the  organs  that  are  brought  iuto  operation  must  revert  to  the 
same  conditions,  and  that  the  two  hal%'es  of  each  period  produce  effects 
in  opposite  directions.  This  alternation  of  the  currents  makes  tfaem 
for  the  most  part  unfit  for  use. 

At  the  beginning  an  effort  was  made  to  utilize  them  by  means  <A  cor- 
rectors, whose  object  was  to  drive  them  upon  a  neighbtuing  circoit  in  a 
constant  direction,  like  a  torrent  consi:^tingof  successive  waves.  These 
commatators,  however,  were  so  inconvenient  that  investigations  ood- 
tinned  for  forty  years  after  Faraday's  discovery  without  reaching  any 
practical  solntion. 

M.  Pacinotti  had  solved  the  problem  in  1864  without  imagining  tiiaC 
his  laboratory  apparatus  could  be  applied  to  indostrial  porpoees.   A 
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hand-rail  maker,  H.  Gramme,  who  was  working  as  a  joiner  in  electric 
vOTks,  made  himself  acquainted,  by  nncommoii  perseverance,  with  the 
machines  that  came  ander  his  observation.  In  1869  be  devised  tlie  ad- 
mirable cootriTance  which  justly  bears  the  name  of  gramme  ring,  and 
accomplished  actnal  indastrial  machines. 

The  gramme  riog  is  in  the  natnre  of  an  artifice  which  makes  it  pos- 
sible to  extract  from  the  inductive  alternating  effects  a  manner  of 
rippling  stream.  Save  a  few  direct  applications  of  the  alternating 
currents,  as  to  light-bonaes,  for  instance,  this  may  be  said  to  have  been 
the  origin  of  industrial  electricity.  A  few  years  later,  SOO-horsepower 
dj'namos  were  bnilt.  There  was  a  2,000- horsepower  dynamo  on  exbi-~ 
bitioD  at  Chicago.  The  power  of  tliese  macbiitcs  is  boundless.  Elec 
tricity  receives  the  energy  of  steam  engines  or  waterfalls,  transforms 
it.atilizes  it, distributes  it,  transmits  it  to  long  distances, again  receives 
it,  and  retams  it  in  the  most  varied  forms. 

A  new  revolution  is  at  hand.  By  a  strange  vicissitude  of  human 
afikirs  we  are  now  retracing  oar  steps.  Those  alternating  currents  that 
seemed  so  fractious  are  now  tractable.  Of  easier  production,  since  they 
require  no  correcting  device,  tbey  are  transformed  by  raiHing  their  level, 
so  that  they  may  cover  long  distances  at  small  cost,  then  by  bringing 
the  sloices  down  for  direct  ap[>lication. 

These  are  strange  rivers,  with  no  tangible  flow,  whose  waters  move 
only  by  oscillation,  whose  alternating  flow  and  height  of  fall  may  be 
modified  at  will,  and  that  are  capable  of  supplying  at  all  times  the 
same  amount  of  effective  power,  leaving  out  leakage  on  the  way  and 
invisible  friction. 

It  was  not  easy  to  imagine  that  a  sort  of  tide,  the  ebb  and  flow  of 
which  follow  each  other  in  less  than  a  twenty-fifth  of  asecond  of  time, 
conld  be  made  available  to  operate  hydranlic  wheels  and  turbines.  We 
now  know  bow  to  do  this. 

If  the  receiver  moves  in  the  same  period  as  the  alternating  current, 
the  effects  of  the  impolsion  produced  by  the  saccessive  shocks  are 
camnlative;  the  apparatus  is  a  synchronous  motor. 

If  the  fwuductive  wires  bring  several  alternating  currents,  these  are 
Kgulated  so  as  to  ogierate  at  stated  intervals  during  a  period,  in  the 
same  maoDer  as  the  two  rods  of  a  locomotive;  these  are  the  revolving 
motors. 

Other  contrivances  occur  to  onr  mind,  but  to  dwell  upon  them  would 
take  up  too  much  time. 

The  Niagara  Falls  will,  in  the  near  future,  furnish  a  striking  illustra- 
tion of  the  application  of  electricity;  6,0OU-horsepower  turbines,  the 
most  powerful  ever  built,  will  produce  formidable  alternating  cnrreitts 
which  will  be  easily  regulated,  transformed,  transmitted,  and  availed  of 
for  aU  purposes. 

At  this  day  electricity  transmits  instantaneously  the  human  thoaght 
through  oceans  and  over  continents;  it  enables  us  to  hear  the  voice 
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and  sentimentB  of  oar  loved  ones,  though  we  may  be  separated  by  bnn- 
dredi)  of  milBB;  it  finds  its  use  in  the  details  of  onr  hoDsehold  life;  it 
witiK  favor  for  a  method  of  lighting  with  which  oxygen  is  no  longer 
consumed,  and  our  dwelling  are  free  ft«m  offensive  smell ;  it  has  made 
sach  inroads  into  industrial  works  that  it  is  looked  upon  as  a  necessity 
wherever  the  wise  st4;p  was  taken  of  calling  u|x>n  its  aicL  At  the  same 
time  it  lias  tlirown  the  notions  of  natural  philosophy  into  confiision  and 
pat  to  a  severe  onleal  the  conceptions  of  the  human  mind. 

All  of  this  progress  is  of  yesterday's  date,  and  no  one  can  tell  what 
the  future  has  in  store;  bat  whatever  wonders  may  be  witnessed  by 
our  successors,  it  could  properly  be  said  that  the  nineteenth  ceotur)', 
now  drawing  to  its  close,  will,  with  good  reason,  be  called  the  age  of 
electricity. 
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By  Prof.  A.  W.  ROckbr,  M.A.,F.R.S. 


It  is  impossible  for  a  body  of  Uoglisb  scientific  meu  to  meet  in  one 
of  our  aDcieiit  university  towns  without  contrasting  the  old  ideal  of 
the  pursuit  of  learning  for  its  own  sake  with  the  motlern  conception 
of  the  organization  of  scieuce  as  part  of  a  pushing  business  concern. 

We  are,  as  a  nation,  convinced  that  education  is  essential  to  national 
success.  Our  modern  aniversities  are  within  earshot  of  the  wbirr  of 
the  cotton  mill  or  the  roar  of  Piccadilly.  Oxford  and  Cambridge  them- 
selves are  not  content  to.be  centers  of  attraction  to  which  scholars 
^vitate.  Tbey  have  devised  schemes  by  which  their  influence  is 
directly  exerted  on  every  market  town  and  almost  on  every  village  in 
the  country.  University  extension  is  but  a  part  of  the  extraonlinary 
multiplication  of  the  machinery  of  education  which  is  going  on  all 
around  us.  The  British  Association,  which  was  once  regarded  as 
briuging  light  into  dark  places,  is  now  welcomed  in  every  large  provin- 
cial town  by  a  group  of  well-known  men  of  science;  and  we  find  ready 
for  the  meetings  of  our  sections,  not  only  the  chapels  and  concert  rooms 
which  have  so  often  and  so  kindly  been  placed  at  our  disposal,  but  all 
the  appliances  of  well-designed  lecture  rooms  and  laboratories. 

I  do  not  propose,  however,  to  detain  yon  this  morning  with  a  dis- 
course on  the  spread  of  scieotiflc  education,  but  yon  will  forgive  me  if 
I  illustrate  its  progress  by  two  facts,  not  perhaps  the  most  striking 
which  could  be  selected,  but  especially  appropriate  to  onr  place  of 
meeting.  It  is  little  more  than  thirty  years  since  the  two  bmncbes  of 
science  with  which  oar  section  deals,  mathematics  and  physics,  have 
been  generally  recognized  as  wide  enough  to  require  more  than  one 
teacher  to  cope  with  them  in  an  educational  institution  of  high  pretfu- 
aions  and  achievement.  In  IStiO  the  authorities  of  the  Owens  ('oUege, 
Manchester,  debated  whether  it  was  desirable  to  create  a  professorship 
of  natural  philosophy  in  addition  to,  and  independent  of,  the  chair  of 


■Address  as  preaideat  of  section  or  mathemaliCB  and  pby sios  at  meeting  o(  British 
ANOciation  for  the  Advancenieiit  of  Scienre,  Oxford  meeting,  18(M.     Printed  bj  the 
M  in  Nntnre,  No.  1393,  Vol.  L. 
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■»tlmai»ik«.  It  vas  thought  necessary  to  obtain  c 
Ihv  o|>)UNUi!t  of  thitse  who  advocated  this  step.  An  appeal  wmt  ■wwlff 
tw  Ph^Vivi^^rs  I>e  Morfnin  and  Stokes.  The  former  rapovted  thmt  m 
"\\>*\r»  «(  ("Xiterinif Dtul  physics  ia  in  itself  desirable;''  tke  latter.  ibmZ 
"iWcv  TriM)l«l  bt'  vork  euoagh  in  a  large  institntion  for  a  ■uUheanti- 
^■t»tt  )Ui^  a  ph>"sioist.~ 

(u  Ittv  icud  iIh»  chair  of  natural  philosophy  was  estaUishedr  and  tbe 
tW't  lh»l  tHtr  H«tst  of  to-day.  Professor  Clifton,  was  its  first  orcapant 
ivatiuds  Hs  htto  liliU>  we  have  advanced  in  time  and  how  far  in  educm- 
t»m),«l  df^^K>|t«M^»t  ftttm  the  days  when  propositions  soch  as  those  I 
hax^'  vitvi)  «<HV  o»l>-  accept^  on  the  authority  of  the  names  of  Stokee 
)M»d  Is*  M»v^i»n. 

Th^  «>tttt-r  f.«cl  lo  which  1  would  refer  is  that  tbe  Clareodtm  Labora.- 
tvMry,  lit  «tuvl(  the  n»«vliU]i!« of  Section  A  are  to  be  held,  though  erected 
|iMlv)>  <«  tiuArl««r  «>f  9>  ^vninry  ago,  was  the  first  laboratory  in  this  oood- 
|r\  vkltwlt  «»s  sp«^".^t,\  iHiitt  and  designed  for  the  study  of  experimen- 
t^l  (vlvkMvA.  It  lt.«s  s«>r\Y«t  a.o  »  tyiie.  Clerk  Maxwell  visited  it  while 
pUituittf!  tW<\«\(-t!tt:^  l^altoratory,  aitd  traces  of  Professor  Clifton^s 
d««>k:i«.-t  v^kit  W  «)«-t(>'ttAt  tu  s«-\-vral  of  our  auiversity  colleges. 

titit  (Uhd^U  «>ur  suirv>uudin.f«  remind  us  of  the  improvement  wbiefa 
ItMii  U'l'))  clUvt«^l  m  tlt<>  «<quii»m>ut  of  our  science,  it  would  not  be  difS- 
c»ll  to  tutUv'.*!^'  wveii  ts<4'.tt!i  which  should  forthwith  be  streDgthened. 
0»  i)iiv>t\  i»  ■■^'  t'U-  ilk.-'  ilic,\  titlVi.-i  Mlucation,  I  will  not  dwell — and  that 
lUv  !»*»  wvt-^Mi-*.  Iw  ilw>  lir^  |J*w.  we  meet  to-day  not  as  teachers, 
bitt  M  «ni>lci>l.-t;  Must,  ?«<c\*udl,v.  I  think  that  whereas  we  have  as  a 
ttMtioH  itwvil.V'  tt>\ut.:ch  1-Xv  <H  tlteday — to  the  importance  of  edacation, 
\\viut'»oI  >cl  l\»'.!>  A«!»tc  U' (he  im|x>rlaneeof  learning,  Oarattitude 
in  HHi'U  inMilciM  w.tA  «<v.^-t)y  «^v-l'ne^:ii$ed  by  one  of  the  most  eminent  of 
1)h«  ttitttt^«-Mv«  «h^i  ^.t\«>  eMiWiM-e  N'fore  the  "Gresham  CommissioD." 
\n  \\\s  <ii>iiutui  tilt*  rttl\:u»viHc(tt  «>4'  kmtwletlge  must  iu  a  university  in 
Iritiuloi)  l>t*  S4yvii<t.ti>  t^>  the  luiihcriiistmctionor  the  youth  of  London. 
If  lU)s  Itc  M>  .'tiitt  I  Aitl  t»v>t  tK>w  dt.^)Hite  it— we  shall  surely  all  agree 
llt»l  «hllHt<v^hct'V'klr  otlu-r.iti  l.omU'uortMil  of  it.  included  in  our  nniver- 
Hiiuvsiir  M'l^^uttc  t'ltmt  (ttcui,  ttt«>rvtHi,a:lit  (obe  institotions  in  which  the 
ittlvuitii^iuctil  tH'  l>iio\>  li^Uc  t!'  w^-.«i>lMt  a^  of  primaiy  and  Aindamental 
liitofenl,  itKil  ui>(  a.-)  »  mciv  !i«\vtuUry  by-|woduct  thrown  off  in  the 

WMVSO  nf  mmv  tUI|HiVI»ll<  Olt»T.ttlv»llS. 

It  iM  Dol  tvtttntd.tl  titat  iti  ^ucb  ^n  iit^tituiion  reecttirh  should  be  tbe 
only  tu.-4k.  luvi-»M>;.t(ittu  iii.k.\  )>^  vvuil>tut\l  with  the  roatine  work  of 
»u  otv4crvit(or.v,  will)  UMctuti^.  wiih  the  c^re  of  standards,  or  with 
otlttH'  »iiH)l(U  dutiiv*.  Ii  ts  liik\^evcr  trs^^tiiiul  ihikt.  if  the  advancement 
of  kH«>w)t<tl):tt  iti  s^(  iuii-il^v  ivg;u^lc^l  as  an  end  worth  attaining,  it  sbonid 
m>t  I*  rvlcpttwl  ti>  »  «ytUHli(ry  place. 

Time  itud  «iptHii'tuiuiy  uui^t  W  f^tiud  tV^  iu^-e$tigation.  as  time  and 
upiMtrliiiiity  are  tVmiul  ftir  other  task^  It  is  iM>t  enough  to  refer  tn 
n*h  iu  a  pnvtitoi'tas  hikI  then  to  leave  it  to  be  aaxouplished  at  odd 
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limes  and  in  spare  moments  not  claimed  by  more  urgent  demands, 
fiiose  to  whom  the  fature  of  the  higher  learning  in  England  is  dear 
■nst  plan  and  scheme  to  promote  the  life-long  studies  of  men,  as  in  the 
■fit  quarter  of  a  century  they  have  struggled,  with  marked  success,  to 
^mote  the  preparatory  studies  of  boys  aud  girls.  That  the  assigu- 
■eot  of  a  secondary  position  to  research  is  the  more  popular  view,  and 
^t  the  necessity  for  encoaraging  it  has  as  yet  hardly  been  grasped  by 
•any  of  those  who  control  oar  modem  educational  movements  is,  I  fear, 
Ido  true.  It  is  therefore  a  matter  for  congratulation  that  within  the 
hst  year  Oxford  has  established  a  research  degree,  and  has  thus  taken 
m  important  step  toward  gathering  within  her  fold  workers  of  mature 
rears  who  are  able  and  willing,  not  merely  to  gaiu  knowledge,  but  to 
■dd  to  it. 

We  may  also  note,  with  pleasure  and  gratitude,  that  the  stream  of 
private  munificence  has  recently  been  in  part  directed  to  the  advance- 
neot  of  learning.  Sir  Henry  Thompson  has  generously  offered  a  sum 
of  £5,000  to  provide  a  large  photographic  telescope  for  the  National 
Observatory  at  Greenwich.  The  new  instrument  is  to  be  of  26  inches 
aperture  and  22  feet  6  inches  focal  length,  or  exactly  double  the  linear 
dimensions  of  that  which  has  been  previously  employed.  Mr.  Ludwig 
Hond,  too,  has  added  to  his  noble  gifts  to  science  by  tbe  new  research 
laboratories  which  he  is  about  to  establish  in  connection  with  the  Royal 
Institution.  Albemarle  street  is  thronged  with  memories  of  great  dis- 
coveries. The  researches  of  Lord  Bayleigh  and  the  remarkable  results 
of  Professor  Dewar's  studies  of  matter  at  low  temperatures  are  main- 
taining the  great  reputation  which  the  Boyal  Institution  has  gained  in 
the  past,  and  all  English  physicists  will  rejoice  that  prospects  of  new 
and  extended  usefulness  are  opening  before  it. 

Another  hopeful  though  very  embarrassing  fact  is  that  the  growth 
in  the  number  of  scientific  workers  makes  it  iucreasingty  difficult  to 
find  tbe  funds  which  are  necessary  for  the  publication  of  their  work. 
Up  to  the  present  the  author  of  a  paper  has  bad  to  submit  it  to  criti- 
cism, bat  when  it  has  been  approved  by  competent  judges  it  has  been 
published  without  ado  and  without  expense  to  himself.  This  is  as  it 
should  be.  It  is  right  that  due  care  should  be  exercised  to  prune  away 
all  unnecessary  matter,  to  reduce  as  far  as  may  be  the  necessary  cost. 
It  will,  however,  be  a  great  misfortune  if  judgment  as  to  what  curtail- 
ment  is  necessary  is  in  future  passed,  not  with  the  object  of  removing 
what  is  really  snpertlaous  bat  in  obedience  to  tbe  iron  rule  of  poverty. 
Apart  from  all  other  disadvantages,  such  a  coarse  would  add  to  the 
harriers  which  are  dividing  the  students  of  different  sciences.  A  few 
lines  and  a  rongh  diagram  may  suffice  to  show  to  experts  what  has 
been  attempted  and  what  achieved ;  but  there  is  no  paper  so  diflicult 
to  master  as  that  which  assumes  that  the  reader  starts  from  the  point 
of  vantage  which  months  or  years  of  study  have  enabled  the  author  to 
attain.  Undue  pruning  ^11  not  make  the  tree  of  knowledge  more 
fruitful,  and  will  certainly  make  it  harder  to  climb.  ^  GooqIc 
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Connected  also  witli  the  vast  iDcrease  of  scieDtiflc  lit«ratare  is  a 
growing  titicetwtty  for  the  pablicatioa  of  volutnea  of  abstracts,  in  which 
the  main  resalts  of  recent  invefttigations  are  preseiited  in  a  concen- 
trated form.  Engltali  chemists  faave  long  been  supjdJed  with  these  by 
the  Chemical  Society.  The  Physical  Society,  thoagb  far  less  wealthy 
than  its  elder  sister,  has  determined  to  undertake  a  similar  task.  We 
are  com[)elled  to  begin  caatioasly,  bat  in  Jaunary  uext  the  first  nnmber 
of  a  monthly  pamphlet  will  be  issued  containing  abstracts  of  all  the 
pai)ers  wliicli  appear  in  the  princijtal  foreign  journals  of  physics.  In 
this  venture  the  society  will  incur  grave  responsibilities,  and  I  avail 
myself  of  this  opportunity  to  appeal  to  all  British  physicists  to  sup- 
port us  in  a  work  the  scope  of  which  will  be  rapidly  extended  if  oor 
first  efforts  succeed. 

From  this  brief  glance  at  what  has  been  or  is  about  to  be  done  to 
promote  the  study  of  physics  I  must  now  turn  to  the  discussion  of  nar- 
rower but  more  definite  problems,  aud  I  presume  that  I  shall  be  most 
likely  to  deserve  your  attention  if  I  select  a  subject  in  whieh  I  am 
myself  especially  interested. 

During  the  last  ten  years  my  firiend  Dr.  Thorp  and  I  hare  been 
engaged  upon  a  minute  magnetic  survey  of  the  United  Kingdom.  The 
main  conclnsions  at  which  we  have  arrived  are  about  to  be  published, 
and  I  do  not  propose  to  recount  them  now.  It  is,  however,  impossible 
to  give  so  long  a  time  to  a  single  research  without  having  one's  atten- 
tion drawn  to  a  number  of  points  which  require  further  investigation, 
aud  I  shall  perhaps  be  making  the  best  use  of  this  opportaoity  if  I 
bring  to  your  notice  some  matters  in  the  practical  and  theoretical  study 
of  terrestrial  nuignetism  which  deserve  a  fuller  consideration  than  has 
yH  Ikh'u  given  to  them. 

In  the  first  plitce,  then,  there  is  Uttle  doubt  that  the  iostruments  at 
(>r¥«eut  u.s<hI  for  measuring  declination  and  horizontal  force  are  affected 
with  i>rrt>rs  f;tr  gn'ater  than  the  error  of  observation. 

We  employed  fiuir  mngnetometors  by  Elliott  Brothers,  which  were 

(h>)tit'ntl,v  i>uu|uinHl  with  the  standard  instrument  at  Kew.     These 

nH'»«inrt>mt^uts  provetl  that  the  instrumental  differences  whieh  affect  the 

sMVMWi-y  of  the  dw-hnntion  and  horizontal  force  measurements  aie&om 

inu's  as  gTe;«t  as  the  error  of  a  siuiile  field  observation.   The 

hii'h  two  ireni'nitions  ago  was  so  nntmstworthy.  is>  in  our 

ihe  nuwt  s:»tisfiu'iory  of  the  alMsdute  instmiDents. 

ises  these  (vutiwris^ms  extend*^  over  sevn^l  days, bat  the 

tx>>  ;d  h:ts  (b'St-rilH-il  in  his  re^viit  re]"*rt  observatioDS  made 

■h  i\ir  two  \  «\trs  jiml  a  hall"  «iih  tw^t  h<>ri7*«tal  fbne  instm- 

;\<^  iliiVor  Ivtwivn  t!ioniselve!k.a!.d  ihedi^vrepuieyisof  tlie 

.M"  «!aj:;v.:n.i»>  as  ih>v-i*>  *e  h.iv-e  dt:e»:ed, 

^ov\".',.>\*  cvisi  Ivlwti^v,  ;:-.s:Tv.r.-!e;-.:s  of  \\yt  Knr  pattern,  it 

;^..t  j;;.\  w.".;  ty  s::'.'.  iT>\*Tor  wlren  ti»e  uagDetometeis 

;;i■»^J.^n  «w  ,m  .iiSiTi^jj;  t>i*-s* 
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This  point  has  beeo  investigated  by  Dr.  Yau  Bijckevoreel,  who  five 
years  ago  visited  Kew,  Pare  St.  Maur,  WilhelmshaveD,  and  Utrecht, 
and,  nsing  his  own  instruments  at  each  place,  compared  the  values  of 
the  magnetic  elements  determined  by  himself  with  those  deduced  from 
the  self-re^ st«riDg  apparatus  of  the  observatory. 

The  discrepancies  between  the  so  called  standards  which  were  thus 
brought  to  light  were  ()uite  startling  and  prove  the  necessity  for  an 
investigation  as  to  their  causes. 

Magneticians  had  long  been  aware  that  the  instruments  used  by 
travelers  should  be  compared  at  the  beginning  and  end  of  a  journey 
with  those  at  some  fixed  observatory  to  make  sure  that  the  compara- 
tively rough  usage  to  which  they  are  subjected  has  not  aQ'ected  their 
indications.  But  Dr.  Yau  Bijckevorsel's  expedition  first  <lrew  general 
attention  to  the  fact  that  there  are  serious  differences  between  the 
staodard  observatory  iustruments  themselves. 

The  importance  of  a  careful  comparison  between  them  was  at  once 
recognized.  The  magnetic  subcommittee  of  the  International  Meteor- 
ological Conference  held  at  >funich  in  the  autumn  of  1891  resolved 
that  it  is  '^necessary  tbat  the  instrnmeuts  employed  for  absolute  nieas- 
menients  at  the  different  observatories  shonld  be  compared  with  each 
other  and  the  results  published."  As  far  as  I  am  aware  nothing  has 
been  done  to  give  effect  to  this  resolution,  but  the  necessity  for  such 
an  iut«rnational  comparison  is  urgent.  The  last  few  years  bave  been 
a  iteriod  of  nnexampled  a^^tivity  in  the  conduct  of  local  magnetic  sur- 
veys. To  cite  instances  from  the  northwest  of  Europe  only,  observa- 
tions have  recently  been  made  on  a  more  or  less  extended  scale  in  the 
United  Kingdom,  France,  Holland,  North  Uermany,  and  Denmark. 

It  will  be  absurd  if  these  surveys  can  not  becollat«d  and  welded  into 
a  homogeneous  whole,  because  we  are  in  doubt  whether  the  indications 
of  our  standard  instruments  for  the  measurement  of  declination  and 
dip  differ  by  five  or  six  minutes  of  arc. 

If,  however,  an  ofQcial  international  comparison  of  the  magnetic 
standards  in  use  in  different  countries  is  instituted  it  is  probable  that 
only  one  observatory  in  each  country  will  take  part  in  it. 

It  may  fairly  be  left  to  eiich  nation  to  determine  for  itself  the  rela- 
tions between  tbe  results  of  measurements  matle  in  its  own  institutions- 
Apart,  therefore,  from  all  other  reasons,  we  in  England  would  only  be 
able  to  make  tbe  best  use  of  an  international  comparison  if  we  had 
beforehand  set  our  own  house  in  order  and  were  able  at  once  to  extend 
the  results  of  experiments  u)ade  at  Kew  or  tireennich  to  Stouyburst, 
Valentia,  and  Falmouth. 

This  we  are  not  at  the  present  moment  in  a  position  to  do.  As  far 
as  I  know  nobody  has  ever  carried  a  magnetometer  backward  and 
forward  between  Kew  and  (ireenwich  to  teat  the  concordance  of  the 
pnbUshed  results.  During  tbe  recent  survey  single  or  double  sets  of 
ot>aervatioDs  have  been  made  at  Stonyhurst,  Falmouth,  aud  Yalentia, 
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s  W3i.-i  -M^  -3«ft  -ipwrii  with  Ktm,  bat  these  meas- 
nxHn'*,  ^iHii  wini-  mfieaaK  Si  tfce  pmpwsof  oar  rtaearch.  were 
MC  amiM^ra  -Tum^n  -»  «r^  i,^  »  fa»  »»ei*  to  detennJDiag  the  d« 
CT-mwru-^  >Hrx-«  -Jut  TKa«  «aaa.»rf*- »  ih.t  the  exact  relations 
r!«V-«i  -iw--'  jnciTOM  wo  tt'  ^c«ra»»  ■»  atfll  nnknown. 

TW  it*  -J-'in-."  -irfKniP*.  :•»  "-a^'rh  1  *«k  to  dr»w  the  attention  of 
-Jut  wecim  »  TJe  3H.:«^-T  ^w  *  -lI  pci-arr  eompaiiuon  between  the 
*C4a.i;i.--£  atKEir-ce  .-i.-^-rnB«i'H  ziise  «  o"  diffeTent  observatonea. 

Eat  11  --a.*  T'-r^  la-.-ixL-rrrlT  a««ait.li*fced  the  qaestioo  would  arise 
m  &.  -rlirtiier  h  *ii,  <C<1  m  ntM-iwd  «  r««Bl*r  intervals.  We  have  at 
pnwDC  .iciv  *  pi>sqcnr.d.>o  ia  fiivtjr  of  the  view  that  the  standards 
wii:.o  we  iaow  *«  diJc-niAai  »»  n^Twtbrfess  eonstant.  A  single 
in.«an<*  but  *a3«  to  *a.>w  b.w  n«ess»y  h  may  be— at  all  evento  io 
die  «!««■  ttdilr^z  iC'i  e.>L«e.i  obewvatories— to  pat  this  belief  to  the 
ten. 

In  dtw  met  reeeat  aeeoant  of  the  work  of  the  observatory  of  the 
Runbay  p>veninwnt  at  CoLibsi.  tfae  dip.3  are  discassed  for  the  period 
of  twenty  years  between  l-r*  and  1S92.  Dnring  this  interval  the 
ailja-nnent  of  tLe  agate  plites  a[»oo  which  the  dip  needle  rolls  has 
thrice  been  mo-lified.  In  I>TT  the  plates  were  renewed.  In  1881  and 
liiS;  the  dip  cinrle  wa:?  taken  to  piei-es  aod  reboilt.  In  the  intervals 
the  dip  ais  determined  by  several  needle*,  bot  always  with  this  circle, 
rentainctl  approximately  eon-tant.  bot  after  each  overhauling  it  snd- 
denly  altered,  increasing  by  12  minates  on  the  first  occasion,  by  23  mia- 
nt««  on  the  second,  and  by  20  minutes  on  the  third.  Mr.  Chambers 
Htates  that  he  "can  give  no  satisfactory  account  of  this  behavior  of 
the  instnunent,"  bat  sagge^ta  that  "the  needle  gradually  hollows  out 
a  ^lepressioD  in  the  agate  plates  on  which  it  rolls,  and  that  this  charac- 
tcriHtic  of  the  dip  circle"  has  not  before  beeu  discovered  owing  to  the 
rKliii^iice  of  ma^etic  observers  to  interfere  with  the  adjustment  of 
liintnmicnts  which  are  apparently  working  well. 

I  do  not  think  that  this  explan:ition  will  suffice.  Dr.  Thorpe  and  I 
Miiploycd  a  new  dip  circle  in  the  earliestpartof  our  survey  work,  which 
litw  ntniulned  in  accord  witli  Kew  for  ten  years.  During  that  time  tbe 
dill  hitH  \uu:i\  measared  some  seven  hundred  times  with  it.  This  cor- 
r*!»iKni(lH,  I  bi-ljeve,  to  more  than  the  aroonnt  of  work  done  with  the 
ciiclii  at.  ('oUiha  in  six  years,  which  in  turn  is  longer  than  some  of  the 
ttiliTviiU  III  which  the  Colaba  instruments  gave  results  erroneous  to  tbe 
"»Nmi|,  of  20  inihiitcH.  I  feel,  therefore,  quite  sure  that  tbe  difficnltJes 
wli  oh  have  l>H.ii  experienced  at  Bombay  are  riot  due  to  any  "charac- 
,  "  '•''''""'^  '•f  tlie  (lip  drele."    Bat  whatever  tbe  cause  may  have 

blml;.'"'"  ,^  "'"  '*"""'"  '•*  ^^"'''  'f  ^"<'''  *'»'"g8  can  happen  in  so  well- 
waiiii  ly!!"  ,  '""^''"''  '*  '"  •I'^^'i'-nbl*'  that  we  should  take  the  moderate 
m.l»,.-rr  .'  '"  *''"""■*'  '"""""'ves  whether  smaller— but,  possibly,  not 
"iZvTtori^" '''"''■''  '"*  Kra.huilly  afiecting  the  results  at  aoy  of  our 
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This  brings  me  to  my  next  point,  namely,  that  if  we  are  to  draw  con- 
dtuions  from  the  minor  differences  between  measnrements  of  secalar 
ordinmat  change  made  in  the  observatories,  it  is  not  only  necessary 
tbst  we  should  know  whether  the  inetmraents  are  strictly  comparable  • 
and  constant,  but  the  observations  must  be  reduced  by  precisely  the 
Bane  metfaods. 

lu  1886  the  late  Mr.  Whipple  drew  the  attention  of  the  British  Asso- 
ciation to  the  fact  that  there  was  a  systematic  difference  between  the 
diurnal  ranges  of  declination  at  Greenwich  and  Kew.  His  results  were 
based  on  the  three  years  18T0-1S72.  In  1890  twoof  my  students,  Messrs. 
Sobson  and  S.  W.  J.  Smith,  extended  the  comparison  to  three  more 
recent  years  (1883, 1886,1887),  and  obtained  results  in  complete  accord 
with  those  of  Mr.  Whipple. 

It  is  well  known  that  tbe  average  daily  oscillation  of  the  magnet  is 
affected  by  the  magnetic  weather.  Sabine  showed  that  magnetic 
8torms  do  not  merely  buffet  the  needle  now  in  this  direction  and  now 
in  that — they  affect  its  average  behavior,  so  that  the  mean  swing  east 
and  west  is  different  according  as  we  deduce  it  only  from  days  of  mag- 
Deticcalm  or  include  those  of  storm. 

Mr.  Whipple  rednced  the  Kew  observations  by  two  methods,'  one  of 
which  depended  on  the  calmest  days  only,  while  the  other  included 
those  which  were  moderately  disturbed.  Neither  agreed  exactly  with 
the  method  in  use  at  Greenwich,  but  tbe  difference  between  the 
resalts  deduced  from  them  was  so  small  when  compared  with  tbe  differ- 
ence between  either  and  that  obtained  at  Greenwich,  that  it  seemed 
possible  that  the  diurnal  variations,  even  at  these  closely  neighboring 
places,  might  differ  appreciably.  The  question  whether  this  is  so  has 
DOW  been  answered.  In  1890,  at  the  request  of  the  Kew  committee, 
the  astronomer  royal  undertook  to  select  early  in  each  year  five  quiet 
days  in  eacb  of  the  preceding  twelve  months.  It  was  also  agreed  that, 
whether  tbey  adopted  other  methodsornot,thechief  English  magnetic 
observatories  should  determine  the  diurnal  variations  from  these  days 
alone.  The  Greenwich '  and  Kew  observations  for  189(1  have  therefore 
been  worked  up  in  exactly  the  same  way,  with  the  result  that  tbe  dis- 
crepancy, which  had  persisted  for  twenty  years,  has  entirely  disap- 
peared, and  that  the  two  diurnal  ranges  at  the  two  observatories  are 
in  as  dose  accord  as  could  be  expected. 

I^  tfawefm^,  we  may  judge  from  a  single  year,  the  cause  of  the  dif- 
ference lay  in  the  choice  of  days.  Greenwich  will  in  future  give  us  two 
dinmal  variations,  one  obtained  from  tbe  most  quiet  days  only,  the 
other  from  all  days  except  those  of  violent  storm,  and  in  tfaese  we  shall 
have  most  Taloable  data  for  studying  the  mean  effect  of  disturbances 
on  the  diurnal  variation. 

To  this  satisfactory  conclnsion  I  have  only  one  suggestion  to  add. 
The  aatronomer  royal  and  M.  Mascart  now  publish  for  the  same  stormy 

sDt  f  eua  b*Te  not  yet  bem  ptibliah«£~ 
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......^  i.u.,^  ..i»o..j-  w..    ilitwwawu   :»5iai   t..b.:»Uk'C-.»wiiiH« 

i,.,^  .i.,..',.-t.  ni^-l.  1^  uiArtt- I*,  w  uu-n  ii_-U.-w»'aireaa«'-    Ti»r«uiB- 
....1.    ».  ».|i>U'.  J   U!lMii.»;.  o'  jrrejo  tonntcia    di&oBitaes.  *»■  (.«TnKi»C 

'i'^,,..i\  )<).,.u--iiiii'  sivici'.v  liu»  maniuuu*!  i.  Biayaeia'  obeemttorT  lO 
i'.ui.tvii'...  'J.y  t«hiiiu-o»  tue  «i«er\irtfliiw  ua^  jiiteertti  u«i- |n±n»»fl 
uj  i.irf  lotu  i.iil  wt  uu'  •o<;«iij'  «til>  -  Inn  tut-  Uny^  fcwc*er.  u*~  iwwr  lunt- 
,^^.i^^i"  U'  iMi.jiiril-  <  iuTii.  Hi  tU  i-rwBwedimn:.  iWiim  ion^.  titeretim:,  "flH- 
J-^iv  i...<J  J-.^i...-.uUi  ..«xM<l*.  wiiivtj  iMtulrmtn  wwnlwc  Dv  ill  tiH-^BBt 

1,1.^1  1.1,1,  i,.^-t  U  I.W  »"»»  "l-^V  wwnJ-O  tilt  pntducitoi:  ol  u  Jtadti* 
i.l.vmi.1.  y..^  (i-M  inj  wlii-'l-  yb«anirtawi»  »-iiB«- «<»«*  iiitefm  it»™ 

■^  Jm  l,^^..^y..  ir;t  <U  (-'W  y.yiiiaJ  h.:Msuw Pto^tw*  iiiwf  niaat- Hcmupe- 
iji.j.i,  wi'J,  lU-  fc*  w  ./H„uuli^  ft/j  tb*f  jemar  jraiiiiMiiuu  nf  »  M^e 
irJiMrtiiiy  lilt  iiU'^n  amnini  *-»)«*«  wf  U**  iii*gi»*ffiic  «lHiueii»-  af  fi««w- 
«.ij..-(  ji  il/t  vm;Mi»  wwbw-Im:  «(>«crT»tori«-  <rf  tbe  -world.  It  ""^ 
ij..M)./M  iH  »i»i«i.'  (m-  (cmjlik  Ut  (tt^t  ;i  grttma  idea  nf  tbf  raw  rf 
ciMiJj,  ii,.„iyi-  ill  liitti'iitul  UM.AUlitt%  witboat  (WMxdihip  tliToii^  » 
(mjihI,.(  ijI  »<tf"iiB  )ii  iJifff-mit  )ii»i({iiaK«S*liM-'l'««o«J?"*'*"'*"*^'^ 
ii«  liii'  j'Kdiii.  nf  M»'  fr*  mi'-U'tu^  w  iiwtitntiMtus  to  irtiicli  lit?"  "* 
iiiioiDllj  pLiii,  Tliti  (ti»'B<-nt  KtHU'  i»r  "ur  kDowtedg*  <rf  A*'  ««»»■ 
ilLilitf'.-  m  l(n:  )Piii[(Pii-lin  t'li'iiii'iiU  ttffonlH,  indeed,  veiy  rtroiiff  Mj'pwt 
(■I  lIlM  IHtJIIIIMrllla  I  llllUI  »fl.'fU)y  luldlU!wi  III  faVOT  of  »  «oip«w<» 
Itiiiui'dii  lltt'  liKiiiinio-iiltiiif  our  iiiii((iii-Ui:  observatories. 

Till'  V.  \xi\u  i|i>''"ll><ii  or  tliH  .■iiiiw.  iif  tliiH  phenomenon  has  entered  on 
»  liiJtt  nliiHii.  h.  liiiM  |imi(l>i<i>ii  ii-i'oi(iil/,wl  that  tlie  earth  is  not  a  simple 
itiitt|i<i'l,liiil  HmiI  thoiuiiiKlli  "lU'li  lifiiil»t|)liere one iwleorpoint at  which 
IImmIiii  iiitollii  i«  t  HI  I  hill  mill  two  ('i«'l  of  miiximum  intensity.  A  com- 
imilnoii  ol' mil  li<iv  Willi  li((.>iimigiiotif»liM«rvntion8led  totheconcluBion 
Hint  oiiii  itr  liiilti  ol'llin  t'oKJ  III  ttiioli  )it>mltt]ittt>rA  lit  in  motion,  and  that  to 
tlilx  iiiiilKiii,  |i.i\\o\ti|-  I'ltiiHot),  tlit>  Ki'i'iilur  cUiuiKO  in  the  valnee  of  the 
h>.iOiii<li>>  ttloiiioiii  iH  ,i,uv  Tim-  Ilu>  lftt«>  Vn>f.  Halfour  Stewart,  writiiig 
III  Ifrtl,  nnjH:  "WliiKi  iIii'iivIn  iio  ^Vl^l)  i>f«tiili)iahe«)  evidence  to  show  that 
(illtior  llio  (uilttof  vt>ili.>lt.v  oi-th*>wi>tiTor  lonv  to  the  north  of  Amer 
li'it  liui.  m>i.ii>i>lil.ly  t'haii)<t<4l  Uh  jdiM-e,  Hiore  is  on  the  other  hand  very 
(.hoiin  t>\  ii|rnt>«i  t,i  «i„m-  ,|„„  ,^,,  (,^y^  ,j  fhtuise  of  place  on  the  part  of 
I lii>  HI  i».i i.tit  IW«».'M  .|*,jp ,.j^,,^  jj^  ,^^^^^ ^j ,jjj^  wiicluaion  are  tliere dis- 
moMi\\.     hi<>  niK.mwms  «r*  (wsrtl.  not  wn  the  n.v-'iilts  of  any  actual 
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observations  uear  to  the  focus  iu  iitieBtioii,  bnt  on  the  behavior  of  tbe 
magnet  at  points  far  tlistant  from  it  in  Europe  and  Asia.  The  westerly 
march  of  the  declination  needle,  wliicli  lasted  >u  England  up  to  ISIS, 
and  the  easterly  movement  wbich  baa  Hince  replaced  it,  are  connected 
with  a  BuppoBed  easterly  motion  of  the  Siberian  focus,  which,  it  ia 
added,  "there  is  some  reason  to  believe  -  -  -  has  recently  been 
reversed.^  In  op|M>sttion,  therefore,  to  the  idea  of  the  rotation  of  a 
ma^etic  focus  round  tbe  geographical  poles  which  the  earlier  magnc- 
ticians  adopted,  Stewart  seems  to  have  regarded  the  motion  of  llie 
Siberian  focus  as  oscillatory. 

A  very  different  aspect  is  pnt  upon  the  matter  by  a  comparison  of 
tbe  magnetic  maps  of  tbe  world  prepared  by  Sabine  and  <Jreak  for  tbe 
epochs  1840  and  18841,  resi>ectively.  Oaptain  Creak,  having  undertaken 
to  report  on  tlio  magnetic  observations  made  during  the  voyage  of  the 
Challetiger,  supplemented  tbem  with  tbe  nnrivaletl  wealth  of  recorded 
facts  at  the  disposal  of  the  hydrographic  department  of  the  Admiralty. 
Hewa-H  thus  able,  by  a  comparison  with  Sabine's  map,  to  trace  the  gen- 
eral course  «f  tbe  secniar  changes  all  over  tbe  world  for  forty  years. 
The  negative  resnits  may  l«  shortly  stated.  There  is  no  evidence  of 
any  motion  either  of  magnetic  pole  or  focns.  The  |>o8itive  concluaioDS 
are  still  more  curions.  There  are  certain  lines  on  the  siirface  of  Ihe 
earth  toward  which  in  the  interval  under  consideration  the  north  pole 
of  the  needle  was  attracted.  From  each  aide  tbe  compass  veered  or 
backed  towanl  tbem.  Above  tbem  tbe  north  pole  of  dip  needle  moved 
steadily  down. 

There  are  otJier  lines  fVOm  which,  as  teste<l  by  compass  and  dip  circle, 
a  north  pole  was  in  like  manner  repelled.  Tbe  two  principal  [wiuts 
of  increasing  attraction  are  in  China  and  near  Cape  Horn ;  the  cbiel 
points  of  growing  repulsion  are  in  the  north  of  Canada  and  tbe  Gulf  of 
tininea. 

I  am  sure  that'  my  friend  Captain  Creak  would  be  the  first  to  urge 
that  we  should  not  generalize  too  hastily  from  this  mode  of  present- 
ing the  facts,  but  there  can  be  no  doubt  that  they  can  not  De  explained 
by  any  simple  theory  of  a  rotating  or  oscillating  pair  of  [wles.  Prima 
facie  they  suggest  that  the  secniar  change  is  due  not  so  much  to  changes 
at  the  principal  magnetic  points  as  to  tbe  waxing  and  waning  of  the 
forces  apparently  exerted  by  secondary  lines  or  points  of  attraction  or 
repttlsion. 

AQ  down  tbe  west  coast  of  America,  close,  be  tt  uotetl,  to  one  of  the 
great  lines  of  volcanic  activity,  north  hemisphere  magnetism  has  since 
1940  been  growing  in  relative  importance.  Near  Cape  Horn  a  weak 
embryonic  pole  is  developing  of  tbe  same  kind  as  tbe  well-known  pole 
at  the  other  end  of  the  continent  near  Hudson  Bay.  Along  a  line  which 
joins  Newfoundland  to  the  Cape  of  Good  Hope  precisely  the  reverse 
effects  have  been  experienced;  while  in  the  Gnlf  of  Guinea  a  south 
hemisphere  pole  is  growing  within  tbe  Tropics.    Of  coarse,!  do  uot 
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aagge^t  that  tbeK«  fiecondaiy  KyetamB  taa  ever  detennine  the  principal 
pbeuomena  »(  tfmvtiitl  magned^ai.  or  reverse  the  mai^netic  states  of 
tlie  hemi»itben»  in  vluch  tlief  w^or.  These  are  no  donbt  fixed  by  the 
rotation  of  the  earth.  I  do,  however,  wish  to  aoi^iaaize  the  fact  that 
they  Hboii'  that  either  secular  rhange  is  doe  to  the  conjoint  action  of 
lociilcaaiH!>(.or  that  if  Bonieginglea^ntsnchasacarTentsyBteoi  within 
the  earth,  ur  a  change  of  magnetic  oonditions  outside  it,  be  the  primary 
cause,  the  effectH  of  this  catii<e  are  modified  and  complicated  by  loc^ 
peculiaritiea. 

Mr.  Henry  Wilde  has  succeeded  in  representing  with  approximate 
accuracy  the  secular  change  at  many  {wints  on  the  surface  of  the  earth 
by  placing  two  eyHtema  of  currents  within  a  globe,  and  imparting  to 
the  axisof  oneof  them  a  motion  of  rotation  about  the  |iolar  axis  of  the 
earth.  Bnt  he  has  had  to  Kut>plement  this  compariti  vely  simple  arrange- 
nieiit  by  local  featnres.  He  has  coated  the  seas  with  thin  sheet  iron. 
The  ratio  between  the  two  currents  which  serves  to  depict  the  secular 
change  near  the  meridian  of  Greenwich  fails  in  the  West  Indies.  Thus 
thitt  ingenious  attempt  to  imitate  the  secular  change  by  a  simple  rota- 
tion of  the  magnetic  pole  aupiKtrts  the  view  that  local  peculiarities 
play  a  iK>werfal  part  in  modifying  the  action  of  a  simple  first  cause,  if 
Bucli  exist.  I  need  haidly  say  that  I  think  the  proper  attitude  of  mind 
on  this  difhcult  subject  is  that  of  suspended  judgment,  bat  there  is  no 
donbt  that  recent  investigation  baa,  at  ail  events,  definitely  raised  the 
question  how  far  secular  change  is  either  due  to,  or  modified  by,  special 
mugnetc  features  of  dill'erent  parts  of  the  earth. 

It  is  jiosHible  that  light  may  be  thrown  upon  this  point  by  observa- 
tions on  a  smaller  scale.  Assuming  for  the  moment  that  the  diH'erence 
in  the  secular  changes  on  opposite  sides  of  the  Atlantic  is  due  to  a  dif- 
ference of  local  causes,  it  is  conceivable  that  similar  causes,  thongh 
less  powerful  and  acting  through  smaller  ranges,  might  produce  similar 
though  less  obvious  differences  between  places  only^  few  miles  apart. 
For  testing  this  Greenwich  and  Kew  are  in  many  respects  most  favora- 
bly situated.  Nowhere  else  are  two  first-class  observatories  so  near 
together.  Differences  in  the  methods  of  publishing  the  results  have 
made  it  somewhat  difficult  to  compare  them,  but  the  late  Mr.  Whipple 
lUrnished  me  with  figures  for  several  years,  which  made  comparison 
easy.  Without  entering  into  details  it  may  be  sufficient  to  say  that 
the  declination  needles  at  the  two  places  do  not  from  year  to  year  run 
parallel  eunrses.  Between  IS.SO  and  1882  Kew  outstripped  its  rival; 
betwiH'U  188r»  and  ISSK  it  lost,  so  that  the  gain  was  rather  more  than 
comiiensated.  The  difference  of  the  declination  of  the  two  places 
ap]H>ivra  to  increase  and  diminish  throngh  a  range  of  5  minutes  of  arc. 

This  evidentH>  can  be  supplemented  by  other  equally  significant 
examples.  No  fiu'l  i-onuected  with  terrestrial  magnetism  is  more  cer- 
tain than  that  at  i>resent  the  rate  of  secular  change  of  declination  in 
tku  ^tiu:t  of  Kiirope  increasea  as  we  go  north.    This  is  shown  by  a  com- 
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porisoti  of  our  survey  with  those  of  our  predeeessore  fifty  and  thirty 
yeitrs  ago,  by  M.  Moureaas's  resnlts  in  France,  anil  by  Captain  Creak's 
collation  of  previons  observations.  Yet,  in  spite  of  this,  Stonyhnrst, 
which  is  some  200  miloB  north  of  Green  wich  and  Kew ,  and  should  there- 
fore outrun  them,  sometimes  lags  behind  and  then  makes  up  for  lost 
time  by  prodigious  bounds.  Between  1882  and  18SG  the  total  secular 
change  of  declination  at  Stonyhnrflt  was  about  3.5  minutes  less  than 
tbat  at  Greenwich  and  Kew,  whereas  in  the  two  years,  1890-92,  it 
reached  at  Stonyhnrst  the  enormous  amount  of  28  minutes,  just  doub- 
ling the  corresponding  alteration  registered  iu  the  same  time  at  Kew. 
If  these  fluctuations  are  caused  by  the  instruments  or  methods  of  re- 
dacUoD,  my  argument  in  favor  of  frequent  comparisons  and  uniform 
treatment  would  be  mach  strengthened,  but,  apart  from  the  inherent 
improbability  of  such  largo  differences  being  due  to  the  methods  of 
observation,  the  probability  of  their  physical  reality  is  increased  by 
the  work  of  the  magnetic  survey. 

The  large  number  of  observations  at  our  disposal  has  enabled  us  to 
calculate  the  secular  change  in  a  new  way,  by  taking  the  means  of 
observations  made  about  five  years  apart  at  numerous  though  not  iden- 
tical stations  scattered  over  districts  about  150  miles  sqtiure.  The 
result  tbus  obtained  should  be  free  from  mere  local  variations,  but  as 
calculated  for  the  southeast  of  England  for  the  five  years  1886-91,  it 
differs  by  nearly  5  miuutea  from  tbe  change  actually  observed  at  Kew. 

We  have  also  determined  the  secular  change  at  twenty-five  stations 
by  double  sets  of  observations  made  as  nearly  as  possible  on  the  same 
spot  at  intervals  of  several  years.  Tbe  results  must  be  interpreted 
vith  caution.  In  districts  such  as  Scotland,  where  strong  local  dis- 
turbances are  frequent,  a  change  of  a  few  yards  iu  the  position  of  tbe 
observer  might  introduce  errors  far  larger  than  tbe  fluctuations  of 
secular  change.  But  when  all  sncli  changes  are  eliminated,  when  all 
allowance  is  matfe  for  tbe  possible  inaccuracy  of  field  observations, 
there  are  outstanding  variations  which  can  hardly  be  doe  to  anything 
but  a  real  difference  in  the  rate  of  change  of  tbe  magnetic  elements. 

A  single  example  will  suffice.  St.  Leonards  and  Tunbridge  Wells 
are  about  30  mUes  apart.  Both  are  situated  on  the  Hastings  Sand  for- 
mation, and  OD  good  nonmagnetic  observing  ground.  At  them,  as  at 
the  stations  immediately  around  tbero — Lewes,  Eastbourue,  Appletlore, 
Btchingham,  Heatbfield,  and  Maidstone — the  local  disturbing  forces 
are  very  small.  All  these  places  lie  within  a  district  about  40  miles 
square,  at  no  point  of  which  has  the  magnet  been  found  to  deviate  by 
S  minutes  from  the  true  magnetic  meridian.  No  region  could  be  more 
bvorably  situated  for  the  determination  of  tbe  secular  change,  yet 
according  to  our  observations  tbe  alteration  in  the  declination  at  St. 
Leonards  iu  six  years  was  practically  equal  to  that  at  Tunbridge  Wells 
in  five.  It  is  difficult  to  assign  so  great  a  variation  to  an  accumulation 
of  uTors,  and  this  is  only  one  among  several  instances  of  the  Bame 
*iDd  which  might  b©  quoted.  "  '  ^^-OOc^lc 
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We  find,  then,  wbett  we  consider  tlie  earth  as  a  whole,  grave  reason 
to  queatiou  tbe  old  idea  of  a  secular  change  caused  by  a  magiietit;  pole 
or  focQS  parsuing  an  orderly  orbit  aronnd  the  geographical  axis  of  tbe 
earth,  or  oscillating  in  Kome  regular  period  in  its  neighborhood.  It 
would  of  course  he  absurd  to  admit  the  jmssibility  of  change  in  the 
Tropics  and  to  deny  that  possibility  in  the  Arctic  circle,  bnt  the  new 
facts  lead  us  to  look  npou  the  earth  not  as  niagnetically  inert,  but  as 
itself— at  the  equator  as  well  as  at  the  pole — producing  or  profoundly 
modifying  the  infinences  which  give  rise  to  secular  change.  And 
then,  when  we  push  onr  inquiry  fnrther,  accumulating  experience  tells 
tbe  same  tale.  The  earth  seems,  as  it  were,alive  with  magnetic  forces, 
be  they  doe  to  electric  currents  or  to  variations  in  the  state  of  magnet- 
ized matter.  We  need  not  now  consider  the  sudden  jerks  which  dis- 
turb the  diurnal  sweep  of  the  magnet,  which  are  simultaneous  at 
places  far  apart,  and  probably  originate  in  causes  outside  our  globe. 
But  the  slower  secular  change,  of  which  tbe  small  part  that  has  been 
observed  has  taken  centuries  to  accomplish,  is  apparently  also  inter- 
fered with  by  some  slower  agency  the  action  of  which  is  confined 
within  narrow  limits  of  space.  Between  Kew,  Greenwich,  and  Stouy- 
hurst.  between  St.  Leonards  and  Tunbridge  Wells,  and  I  may  add, 
between  Mablethori>e  aud  Lincoln,  Bnniskillen  and  Sligo,  Cbarleville 
anil  Baiitry,  the  measnred  differences  of  secuhir  variation  are  so  large 
us  to  suggest  that  we  are  dealing  not  with  an  nnrulHed  tide  of  change, 
which,  unaltered  by  its  passage  over  continent  or  ocean,  sweeps  slowly 
round  the  earth,  but  with  a  current  fed  by  local  springs  or  impeded  by 
local  obstacles,  furrowed  on  the  surface  by  billows  and  eddies,  from 
whit'h  the  magnetician,  if  he  will  but  study  them,  may  learn  much  as 
to  tlie  iMsition  and  meaning  of  the  deeps  and  tbe  shallows  below. 
Bnt  if  this  is  tbe  view  whi<'h  the  facts  I  have  quoted  suggest,  much 
n>niainr(  to  be  done  bi'fore  it  cau  be  finally  accepteil;  and  in  tbe  first 
place — to  come  biwk  to  the  point  from  which  I  started — we  want,  for 
some  years  at  all  events,  a  systematic  and  repeated  comparison  of  the 
ise  at  the  different  observatories.  That  they 
An ;  whether  the  relations  between  tliem  are 
mbtful.  If  constant,  tbe  suggestions  I  have 
itreet;  if  variable,  then  the  whole  or  part  of 
of  secular  change  may  be  nothing  more  than 
inconstant  standards. 

e  that  this  is  tbe  true  esphmation,  but  in  any 
tlie  doubt  should  be  set  at  rest,  and  that  if 
s  of  secular  change  are  not  merely  instni- 

I  their  cause  should  t>e  undertaken  in  good 

ting  ttom  another  point  of  view.    It  is  now 

II  where  the  surface  soil  is  nonmagnetic,  and 
ive  every  reason  to  believe  that  it  lies  npoa 
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Donmagnetic  strata  of  gnat  thivkneos,  there  ure  clearly  tiefiiied  lines 
aod  centers  toward  which  the  north-seeking  pole  of  a  magnet  is 
attracted,  or  from  which  it  ia  rei>elled.  Tn  the  magnetic  Rurveyor  flnc- 
taations  in  secular  ehange  would  appear  as  variations  in  the  |>ositiotis 
of  these  lines,  or  as  changes  in  the  forces  in  play  in  their  neighborhood. 
Greenwich  aod  Eew  are  both  ander  the  influence  of  a  widespread 
local  distnrbauce  which  culminates  near  liea<ling.  At  both  places  the 
needle  is  deviated  to  the  west  of  the  normal  magnetic  meridian,  and  if 
the  westerly  declination  diminishes  sometimes  faster  and  sometimes 
more  slowly  at  one  observatory  than  at  the  other,  this  must  be,  or,  at 
all  events,  would  in  the  first  instance  appear  to  be,  due  to  local  changes 
in  the  regional  disturbing  forces.  The  questions  of  the  nature  of  the 
inegularitieaof  secular  change  and  of  thecansesof  local  disturbances 
are  therefore  intermingled,  and  information  gained  on  these  |>oint8  may 
ill  turn  be  useful  in  soWtng  the  more  difficult  problem  of  world-wide 
secular  variations. 

Two  causes  of  regional  and  local  disturbances  have  been  suggested, 
viz,  earth  curreot^  and  the  presence  of  visible  or  concealed  magnetic 
rocks.  The  two  theories  are  not  mutually  exclusive.  Both  cause!)  of 
the  observed  effects  may,  and  probably  do,  coexist.  1  bave,  liowe\'er, 
elsewhere  explained  my  reasons  for  believing  that  the  presence  of 
magnetic  matter,  magnetized  by  induction  in  the  earth's  field,  is  the 
principal  cause  of  the  existence  of  the  magnetic  ridge-lines  and  foci 
«f  attraction  which  for  so  many  years  we  have  been  carefully  tracing, 
I  will  only  uow  mention  what  appears  to  me  to  be  tlie  final  and  cunclu- 
Bive  argument,  which,  since  it  was  first  ennnciated,  has  been  strength- 
ened by  the  results  of  our  more  recent  work.  We  find  that  every  great 
mass  of  basic  rock,  by  which  the  needle  is  alfected  at  considerable  dis- 
tances, attracts  the  north-seeking  ]>ole.  Captain  Creak  some  years  ago 
showed  that  the  same  statement  is  true  of  those  islands  in  the  Northern 
Hemisphere  which  disturb  the  lines  of  equal  declination,  while  islands 
in  the  Southern  Hemisphere  repel  the  north  pn]e  and  attract  the  south. 
In  other  words,  these  disturbances  are  immediately  explained  if  we 
suppose  that  they  are  due  to  magnetic  matter  magnetized  by  iuduction. 
The  theory  of  earth  currents  would,  on  the  other  hand,  require  that 
round  the  masses  of  visible  basalt,  and  round  the  island  investigated 
by  Captain  Creak,  currents,  or  eddies  in  currents,  should  circulate  in 
directions  which  are  always  the  same  in  the  same  hemisphere,  and 
always  opposed  on  opposite^ides  of  the  equator.  For  this  supposition 
no  satisfactory  explanation  is  forthcoming,  and,  therefore,  witli  all 
leeerve  and  a  full  conscionsness  that  in  such  matters  hypothesis  differs 
bat  little  from  speculation,  it  api>ears  to  me  that  the  theory  that 
induced  magnetism  is  the  main  cause  of  the  dfeturbance  has  the  greater 
Weight  of  evidence  in  its  fayor. 

If  this  be  granted,  it  is  evident  that  the  positions  of  the  main  lines 
and  centers  of  attraction  wonld  be  approximately  constant,  and,  so  far 
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that  repulsive  forces  are  in  play,  or  that  there  is  another  magnetic 
ridge  line  still  further  to  the  south.  Dr.  Fritsche  tbiitkx  that  these 
observations  esplaia  the  gravitational  anomalies  without  recourse  to 
the  somewhat  forced  hypothesis  of  a  vast  aubterranean  cave.  He 
assumes  that  there  is  a  concealed  mass  of  iron  whicli  approaches  near  to 
the  surface  at  Moscow  and  also  along  two  loci  to  the  south  and  north  of 
tliecity.  He  attributes  the  magnetic  irregularities  to  tbe  attraction 
of  the  ventral  iron  hill,  the  deflections  of  the  plumb  line  to  tbe  Hanking 
masses.  It  is  perhaps  not  inconceivable  that  such  results  might  follow 
in  a  special  case,  but  without  the  support  of  calculation  it  certwuly 
appears  that  tlie  magnetic  experiments  jmint  to  the  existence  of  the 
principal  attracting  mass  under  the  town.  This  is  in  fact  the  arrange- 
ment shown  in  the  figure  with  which  Dr.  Fritsche  illustrates  his 
liyiM>tbesis.  If  this  is  so,  the  theory  would  prima  facie  seem  to  require 
that  the  bob  of  a  plumb  line  shonl<I  be  attracted  toward  and  not,  as 
is  actually  tlie  case,  away  from  the  center  of  tbe  magnetic  disturbance. 
On  the  whole,  then,  though  the  coexistence  of  large  magnetic  and 
gravitational  disturbances  in  the  same  place  is  suggestive,  I  do  not 
think  that  they  have  as  yet  been  proved  to  be  different  effects  of  the 
same  hidden  mass  of  magnetic  matter. 

In  a  few  weeks  an  international  geodetic  conference  will  meet  at 
InnH)iruck,  at  which  the  Royal  Society  will  be  represented.  It  is,  I 
believe,  intended  to  extend  tbe  detailed  investigation  of  tbe  relatious 
between  the  nature  of  the  earth's  crust  and  the  gravitational  and 
magnetic  forces  to  which  it  gives  rise.  We  may  therefore  hope  that 
8i>ecial  attention  will  before  long  be  given  to  localities  where  both 
may  combine  to  give  information  as  t<o  facts  outside  tbe  range  of  the 

m  which  more  light  is  desirable  is  the  per- 
iguetiu  rocks.  It  is  known  that  fragments 
'egularly  maguetized,  but  that  the  effect  of 
jance  ap|>ears  to  be  due  to  Juduced  rather 
sm.  There  are  three  questions  to  which  I 
e  underground  masses  of  magnetite  ever 
ire  large  areas  of  surface  masses — say  a  few 
tent— ever  permanently  and  approximately 
Horoe  senset  Is  there  anyretation  between 
dii-ection  of  the  permanent  magnetism  of 

n  only  be  taken  up  by  individual  workers, 
the  comparison  of  the  observatory  instru- 
of  secular  change  outside  the  observato- 
ted  under  the  auspices  of  a  great  scientific 
f  the  authorities  of  tbe  observatories  will 
it  is  most  important  that  the  comparison 
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shonld  in  nil  cases  be  ma<le  with  oue  set  of  iDatnunents  and  by  the 
same  methods.  Whether  the  British  Association,  which  for  so  long 
managed  a  magnetic  observatory,  may  think  that  it  conld  useftilly  inau- 
gnrate  the  work  it  would  be  improper  for  me  in  a  presidential  address  to 
forecast.  Who  does  it  is  of  less  importance  than  that  it  should  he  done, 
and  I  can  not  but  hope  that  the  arguments  and  instances  which  I  have 
to-day  adduced  may  help  to  bring  about  not  only  the  doing  of  the  work, 
bat  the  doing  of  it  quickly. 
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So,  also,  tbe  study  of  the  planets  woald  be  advanced  by  pbotometric 
obmrrationa  which  Hbonld  afford  a  knowledge  of  the  relatioas  of  their 
8nrr»c4's  aod  atmoflpheres  to  light. 

A  Npfcial  importance  attaches  to  photographic  photometry  in  its 
application  to  the  Aied  stars.  The  quantity  of  light  a  star  Bends  as 
depends  chiefly  on  its  distance  and  its  radiating  power,  so  that  either 
of  these  two  factors  being  known  the  apparent  light  will  determine  tbe 
othf'T.  TliQfi,  if  the  parallax  of  a  star  and  tbe  amount  of  light  which  it 
sendH  to  ns  are  known,  we  can  dedace  the  intrinsic  amonnt  of  its  radia- 
tion— that  is  to  say,  its  rank  among  the  hosts  of  sans  with  which  the 
spaces  of  heaven  are  sown.  Add  to  this  knowledge  that  of  tbe  qualities 
of  its  ligiit,  nnd  you  will  have  a  total  from  which  the  magnitade,  the 
»iiiHl)tHtion,  and  the  activity  of  tbe  lamiunry  in  question  may  be  almost 
(Mtmpletely  defined. 

Himilar  remarks  apply  to  comets  and  uebnlse.     Thas,  celestial  pho- 
tometry constitutes  one  of  the  most  important  methods  of  astronomy; 
tiiid  It  is  very  interesting  to  see  what  aid  it  can  derive  from  photog- 
rnpliy.     For  this  piiriwM!  1  have  employed  a  method  which  I  proceed 
to  dtwrlbo.'     Wo  know  that  in  the  common  photometric  method  the 
ratio  of  emission  of  the  two  sources  of  light  is  obtained  by  removing 
tb(>  brighter  of  thorn  until  they  each  illuminate  the  shallow  due  to  the 
iitbor  Klunlly.    This  is  one  of  numerous  methods  not  hitherto  used  in 
pliotogrupliie  photometry.     lu  a  photograph,  in  order  to  judge  of  the 
brigbtncHs  of  a  luminous  or  illuminated  body,  we  have  nothing  but 
its  pliotograpbie  netinn,  or  the  greater  or  less  opacity  of  tbe  metallic 
de|HtNJt  wliicli  it  (HTtisioiis  on  the  sensitive  film.     Now,  the  blackness 
ot'thiK  deimsil  in  very  fiir  fVom  being  proportional  to  the  time  of  action 
of  ll»>  IIkIiI.    <'ouM  we  see  tbe  de|X)sit  increase,  and  oonld  we  measure 
its  Himmnl  while  (he  nrtion  of  n  steady  light  was  going  on,  we  should 
H»d  thiti  it  tnoivitstMl  ntpidly  at  tirst,  and  afterwards  slower  and  slower, 
wulil  i(  litviiinc  prm-tienllj-  otationary.    Thus,  wecan  not  take  as  meas- 
«ii>  .if  the  inleiisity  of  a  junm-o  of  light  tbe  degree  of  opacity  of  the 
n«>t«llu>  d(>)tO!<it  whioh  it  evasions,  since  that  0|>acity  is  not  proper- 
'  -     ■  'nriUfi  a  determinate  time.     But  if.  in  place  of  con- 
it  tlesi>w\<  i»f  oiuH-ity  in  relation  to  equality  of  the 
insider  on  tbe  i»iitn»ry  the  \-ariable  time  necessary 
>l  one  ti\.^l  .>5\d«-ity.  inp  shall  have  •  sore  basis  for 
il  this.  111  i;»,  t,  ;t)t)^>^ni  fmm  experiment. 
11  pu>.in.i>  ill  a  ><-iis!;ive  nliu  a  metallic  deposit  of 
'rutin  sum  tn  r;iai;»ni  artion  is  Ktvded.  and  whether 
ii;Io  o\i>tvi?<y  in  a  l.in;;*^  <»r  sb.>rt«r  line  inakee  no 
it  tVili'^s  tli.ll  tl.e  i^nergy  of  a  ^••nrtT'  is  inoeased 
y  rooftVs^l  ilie  c:\T'n.5i^$Tx>eof  Kta<tix«s — that  is  to 
s  iM-.ij. -.[.K  i«-.'«sf*n«xss»7x-T<i..iM-ai»oAer inversely 

1..;  1*^..  ■     *  ■    ■    '■    P™  •-     '-a-wr*   o 
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as  the  times  they  occupy  in  produciog  a  given  shade  upon  the  same 
sensitive  film,  or  io  other  words,  to  produce  ei[aal  photogrupliic  clf'ectB. 

Tbis  is  the  priDciple  I  have  adopted  in  my  investip^atious  iuto  photo- 
graphic photometry,  I  have  assured  myself  experimentally  of  the 
legitimacy  of  this  principle  by  ascertaining  the  relative  amounts  of 
time  necessary  to  obtain  tints  of  the  same  opacity  on  one  sensitive  film 
plttced  at  increasing  distances  of  the  source  of  light.  It  is  found  that 
these  times  increase  as  the  sgoares  of  the  distances.  Thus,  for  dis- 
tances 1,  2,  .t.  4  -  -  -  8,  etc.,  the  times  are  in  the  ratio  of  1,  4,  !>, 
16  ■  -  ■  64,  etc.  It  is  necessary  to  work  with  one  and  the  same 
film,  to  avoid  all  stray  light,  to  develop  the  plates  in  one  bath,  and, 
ill  a  word,  to  n^  all  precautions  possible  in  onler  Ui  estabtish  this  law. 
We  may  also  mention  that  to  obtain  the  best  results  possible  it  is  need- 
ful to  take  care  to  choose  the  opacity  which  corresponds  to  the  moKt 
rapid  variation  which  happens  toward  the  beginning  of  the  n<;tion. 

Let  us  see  how  this  method  can  be  applied  to  the  photometric  study 
of  the  heavenly  bodies. 

For  a  long  time  astronomers  and  physicists  have  sought  to  determine 
the  luminous  intensity  of  the  moon  relatively  to  that  of  the  sun. 
Boaguer  appears  to  be  the  one  who  came  nearest  to  the  tmth.  Employ- 
ing a  candle  as  middle  term  of  the  comparison,  he  found  the  light  of 
the  full  moon  at  its  mean  distance  to  be  abont  30/^00  of  that  of  the 
sun.  The  employment  of  a  candle  is  open  to  criticism,  because  its  light 
18  of  a  hue  much  warmer  than  that  of  the  sun  and  still  more  so  than 
that  of  the  mooD — a  circumstance  which  must  have  introduced  i)eculiur 
difficulties  iu  making  the  photometric  matchings  of  shades.  Bouguer 
would  have  much  improved  his  method  had  he  subjected  the  candle- 
light to  the  sifting  action  of  a  suiutble  blue  glass,  so  us  to  brings  its 
eotor  nearer  to  that  of  the  lunar  rays. 

However  that  may  be,  it  is  remarkable  that  that  old  determination 
agrees  closely  with  the  photographic  meiisnres  which  I  obtained  in 
taking  series  of  solar  and  lunar  images  and  c^imparing  the  times  of 
exposure  to  which  correspond  photographs  of  the  same  intensity.'  It 
is  to  be  further  noticed  that  Bougaer's  determination  refers  to  the 
integral  of  visible  rays,  while  the  i)hotograplis  are  caused  by  more 
refrangible  rays. 

One  could  only  infer  that  the  lunar  rays  are  highly  photographic  and 
have  great  intensity  in  the  blue  and  violet.  The  hue  of  moonlight 
might  have  enabled  us  to  foresee  tliat  result. 

The  comparison  of  the  light  of  the  sun  and  moon  speaks  volumes  in 
regard  to  the  admirable  elasticity  of  onr  visual  organ.  When  a  country 
is  lit  up  by  the  full  moon  it  only  receives  sn(i^„o&  ^f  '''"^  light  of  noon- 

'loateul  of  taking  photugraplia  nf  the  InmiDarios  themiolveii,  we  cnn  alno.  aa  I 
dill  at  the  tini«,  avail  ourselves  of  liatiila  of  sncceMive  iutensitf  obtaine<l  by  min. 
light  and  mooDlight.  ThnR,  for  tbo  moon,  n'e  exposed  to  itH  light  a  holder  wlioeo 
curtaio  uncovered  siicceatiivelj  and  at  eijnal  intervala  of  time  the  diO'erent  pnrttt  of 
«  MDsitive  plate,  giviag,  after  dKvelojmient.  a  boHun  of  batida  of  increasing  opacitv, 
which  were  compared  with  a  plate  exposed  to  aaoligbt  for  n^^^  wcond.  v  lOOQlC 
BH  94 13  ^ 
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4)1^'.  OiM*  luijcht  supiKKjo  that  suvli  a  prodigious  lowering  of  the  illami- 
Hmttutt  wt,iuhl  prwtluvt^  ap)>areutly  total  darkness.  Yet  utir  organ  takes 
Mt  suvh  iu<-cmu«Ht  :^«asit>ility  under  those  cirvumstances  that  we  can 
tiut  only  dati  4Hir  w-^-  about,  bat  distiiignisfa  objects,  make  out  details, 
ami  wvwa  wiijoy  Che  E:iad;iuape.  Say,  iu  some  fine  tropical  regions  bright 
ttiuiii?  :Mwtu  alntusG  like  day. 

Ut'ltfix  iimttiu;;  c!lt^  suttjt^-t  of  the  moon  let  us  say  a  wonl  about  the 
tMith  Ii;;bt.  livtfiybody  knows  the  appearance  of  "the  tiew  moon  in 
Ihtxdd  'lUMii'^urms.''  It  i^a  fuint  li^ht  oq  the  darker  side  of  the  moon 
Hb«)WMi)c  tlioiuain  features,  t.  e..  tbe  great  "seas"  or  dark  patches,  to  the 
uttktHl  i-yi',  M\d  HI  \i  lar^e  t**lesci>i)e  showing  almost  everything  that  cau 
t>v  nwii  ;a  full  tuoon,  though  not  so  well  as  at  other  phases. 

I'tio  Kt^niui*  of  Llimanlo  (less  correctly  Leonardo)  da  Vinci  divined 
(tiitl  [lio  i-itustf  of  this  w:k(  the  light  retle^-ted  from  the  earth.  Photo- 
i;irtplitv  photouietiy  can  give  us  the  relative  brigbtness  of  this  light. 
In  an  ii\|H.^riuiont  made  with  a  telescope  of  0^>  meter  aperture  and  l.GO 
iiivlto't  >'<H.-al  length  I  obtained  an  image  of  the  lunar  ball,  rendered 
tiKitihi  by  earth  li^ht  in  sisty  seconds,  showing  the  great  accidents  of 
itnMii'fact.'.  On  the  other  hand,  from  a  series  of  photographs  of  the  full 
nitKin  it  wturi  found  that  one  obtained  by  an  exposure  of  one-eightieth 
ol  a  Mn-oad  bad  the  same  intensity.  We  infer  that  the  ratio  of  intensity 
tif  l^illoarth  light  t4i  sunlight  at  the  moon's  surface  is  ^..^d-  Aragnhail 
Uniiu)  ru*Oki  '"  »"*'  observation,  -oV^  '»  *  subsequent  one.  The  value 
,.  „',.  „  Htt'Uis  probably  ne-arer  the  truth.  These  determinations  are  to  be 
loKnidiHl  as  merely  preliminary  to  a  thorough  stndy  in  which  tbesitna- 
tinuMof  the  thnH>  luminaries  are  tn  be  taken  account  of  and  the  specular 
itmliniEuiHhtHl  frtim  irregular  redection  firom  the  earth. 

t'l  \i'd  Hiai's  iu  the  ftM'us  of  a  telescope  appear  nearly  like  points,  not 
Umitii'K  tbeniselves  advantiigeonsly  to  photometric  comparisons,  least 
i>l  ittt  by  ibe  )iliolo.!j:nipbic  method.  Acconlingly  1  have  proposed, 
tiinliotd  of  putting  the  sensitive  plate  in  the  focal  plane  of  the  instni- 
ut(<ut'  U>  plaiv  it  a  little  forwiinl  of  that  plane.  In  this  way,  instead  of 
<h  tioliit  wu'lt  ftnr  makes  a  little  disk  boundetl  by  the  section  of  the 
vi'U»»  of  rn>  «  l\vm  the  objwtive  by  the  plane  of  the  film.  With  a  well- 
voi  lei'leil  lent'  this  disk  will  be  oniformly  Jllnmiuated.  I  term  this  disk 
t,lm"Hlpllai'eiivlo,"  With  tirst-magnttnde  stars  and  a  telescope  of  mod- 
riaUv  out'  II  (Vw  s(>t<iinds  sniliee  for  obtaining  such  a  photograph  as  is 
niii.t  Mnilabb>.  We  can  .ibtain  on  one  and  the  same  plate  a  series  pf 
aw  h  (>iivle!*  of  giadnati'd  exp.'-inr«>s. 

I'm  ntinu  a  siinitur  series  with  a  R«>ii>nd  comparison  star,  the  differi 
iam'«  II)  llie  linn>s  ol* oxiiviiir*'  N>ing  constant  in  each  series,  though 
oi'l  iimiiM'un.d  iu  the  tA»«»,  it  will  only  rtMuain.  after  the  development,  to 
nil  k  mit  l\\^»  I'inbvs  one  fh>m  eaeh  series  of  cijual  intensities,  just  as 
(tt  ii'.iilinw  a  M'luier  we  find  two  CMiiicident  lines.  The  photographic 
luiiiliiii"iuet  of  the  two  stars  will  t»e  inversely  as  the  times  of  exposure, 
III  tliophddem  is  t.nsmiiK»n'a  star  with  the  sun  a  special  device 
\\w\  ttti  Hevoiuit  of  the  emtrmous  Us^ht  of  the  latter.    We  can 
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then  make  ase  of  the  photographic  photometer.  Suppose  we  have  a 
bolder  fitting  a  sensitive  plate,  and  over  the  titter  a  metallic  nhiitter 
pierced  with  holes  of  the  size  of  the  "  stellar  cii-eleK,"  Before  this  plate 
let  a  second  plate  move  by  virtue  of  a  spring,  this  second  plate  having 
a  triangular  window.  When  the  window,  in  conseqnence  of  the  action 
oi'  the  spring,  passes  before  the  holes  of  the  shutter  it  will  determine 
for  each  of  them  a  photographic  action,  which  will  be  measured  by  the 
width  of  the  triangular  window  at  that  point  and  by  the  velocity  of 
the  slide,  which  can  be  evaluated  by  a  tuning  fork.  Thus  a  series  of 
circles  of  graduated  intensity  will  be  obtained  comparable  with  the 
"ntellar  circles."  These  circles  are  due  to  direct  sunlight.  But  to  ren- 
der the  results  more  strictly  comparable  it  will  be  proper  to  lay  the  tele 
scope  objective  down  on  the  plate,  so  that  the  effects  of  absorption  and 
reflection  may  be  the  name  as  when  the  stars  were  photographed. 

By  this  method,  the  i-esults  of  which  were  duly  rejwrted  to  the 
Academy  of  Sciences,'  the  radiating  irawcrs  of  several  stars  were  inves- 
tigated. In  particular  it  was  used  to  compare  the  light  of  our  sun 
with  that  of  the  brightest  star  in  the  heavens,  the  Dog  Star,  or  Sirius. 
It  showed  that  that  colossal  orb  bad  an  intrinsic  radiation  in  the  pho- 
tographic spectrum  ten  times  that  of  the  center  of  our  planetary 
eyeteni. 

Bat  it  is  especially  when  we  wish  to  measure  the  luminosity  of  special 
p!trts  of  an  object,  and  are  uot  content  with  knowing  the  totifl  rndia 
tiuu,  that  the  advantages  of  the  photographic  method  are  manifested. 
We  have,  for  example,  been  able  to  evaluate  the  ligbtof  different  parts 
of  the  tail  of  comet  1881  b,  and  to  give  quite  closely  the  law  of  the 
decrease  of  that  light  as  the  distance  from  the  nucleus  increa.ses. 

The  arrangement  employed  was  as  follows:  On  the  photographic 
platA,  fitted  into  a  holder,  was  placed  a  screen  with  an  opening  represent- 
ing the  comet's  tail.  Before  the  apparatus  wiis  a  shutter  in  which  a  trian- 
gle had'  been  cut  out,  having  its  base  rectilinear,  but  its  sides  curved. 
When  this  triangular  window  moved  in  the  direction  of  the  line  of  its 
base  the  times  of  exposure  of  the  different  parts  dependetl  on  the  forms 
of  the  curved  sides.  The  whole  base  moved  along  that  point  of  the 
opening  in  the  screen  that  represented  the  nucleus,  while  the  vertex  of 
the  triangle  passed  over  the  part  of  the  opening  representing  the 
extreme  and  evanescent  portions  of  the  tail.  Here  the  time  of  exjwsure 
vanished.  In  intermediate  parts,  say,  at  distance  x  from  the  base,  the 
time  of  exposure  was  proportional  to  the  distance,  2y,  from  one  side  of 
the  triangleto  the  other  along  a  line  parallel  to  the  baseand  to  the  motion. 
A  number  of  such  shutters  were  constructed,  the  curves  of  the  sides 
being  determined  by  one  of  the  equations  Ay  =  j",  m  having  a  constant 
value  for  each  shutter,  but  different  values  for  different  shutters.  The 
whole  being  exposed  to  uniform  illumination  and  the  shutter  moved  by 
a  spring  an  artificial  figure  of  a  comet  was  obtained  with  each  shutter — 
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tliat  is,  witli  each  value  of  m.  Wlien  m  =  2  the  pliotographic  actioD 
wouldbe  inversely  as  the  second  powerof  the  distance  from  the  niicleas. 
With  m  =  3,  it  would  be  inversely  as  the  third  power,  etc. 

Now,  the  different  pictures  so  Obtained  being  compared  with  the 
pliotograpb  of  the  real  comet,  it  was  found  ttiat  the  intensities  could 
best  be  matched  in  all  parts  by  taking  m  between  i  and  6,  so  that  tbe 
result  was  that  the  intensity  of  the  light  in  tbe  comet's  tail,  in  the 
photographic  part  of  the  spectrnm,  varied  inversely  as  the  fourth  to 
sixth  powerof  the  distance  from  the  nucleus,'  At  such  enormous  rate 
does  the  light  diminish  as  we  pass  away  from  the  nucleus. 

The  metho<l  of  ^'stellar  circles"  comes  into  play  again  when  we  wish 
to  reproduce  the  conditions  under  which  any  celestial  photograph  has 
been  taken,  especially  in  the  study  of  nebulie.  A  nebula  is  not  an 
object  haviug  a  definite  outline,  like  tbe  sun,  tbe  moon,  et«.  Its  image 
is  rather  like  a  nlmbna  cloud,  its  different  parts  differing  greatly  in 
brightness.  The  consequence  is  that  differences  in  the  power  of  the 
telescope,  tbe  time  of  exposure,  the  sensitiveness  of  the  film,  tbe  trans- 
piirency  of  theatmosphero,  etc.,  result  in  pictures  sodtS'erentthat  they 
sometimes  would  not  be  supposed  to  possibly  represent  the  same  thing. 
If,  for  instance,  a  nebula  has  brilliaut  parts  scattered  in  it,  a  photo- 
graph with  short  exposure  will  show  these  parts  only  as  isolated  from 
one  another,  while  with  a  long  exposure  the  intervening  places  will  be 
all  filled  up  with  little  variation  of  iutensity.  In  1S81  we  obtained  jit 
Meadon  a  series  of  photognipbs  of  the  great  nebula  in  Orion,  which 
show  how  surprisingly  the  aspect  of  that  object  may  change  with 
greater  or  less  exposure. 

Nevertheless,  if  we  wish  to  hand  down  to  posterity  monnmeuts  which 
shall  allow  changes  in  the  nebula  to  be  put  out  of  doubt,  we  must 
contrive  some  way  in  which  the  photographs  of  future  ages  shall  be 
reuder«d  comi>anibIe  with  those  of  to-day.  Here  the  "stellar  circles" 
aflord  valuable  assistauoe.  Suppose  that  ou  the  plate  which  has  just 
Tvceived  the  photographic  impression  of  tbe  nebula  we  form  stelltu- 
circles  of  some  five  stars,  well  chosen,  not  variable,  and  situated  in  the 
neighborhood.  Then  wo  shall  obtaiu,  afler  the  development,  along 
with  the  image  of  the  nebula  those  of  the  stellar  circles  of  comparison. 
The  ratios  of  the  times  of  exposure  of  the  nebula  and  the  circles  will 
be  carefully  noted.  Lat^r,  then,  when  tbe  time  comes  to  make  a  com- 
parable photograph,  we  liave  only  to  ascertain  the  time  of  exposure 
which,  with  a  new  telescope  aud  a  new  photographic  |H¥|iaration.  is 
reiinired  to  prtMluee  stellar  circles  of  the  i^me  diameter  from  the  same 
stars  of  equal  iutensity,  aud  we  find  by  the  rule  of  three  the  tine  of 
exposure  re^iuip^ite  to  obtain  an  equivalent  i>hotograph  of  the  nebula. 

It  IS  remarkable  that  we  ran,  by  such  devii-e^  obtain,  after  any  lapse 
of  time,  no  matter  bow  different  all  the  condilious  may  have  become,  a 
photographic  imagi*  altogether  coni)>arable  with  that  of  times  gone  by. 


I  Annaain  da  BnraM  dM  iADgitudM  for  188*. (^^ OOq\ C 


THE  SPLASH  OF  A  DBOP  AND  ALLIED  PHBNOWENA.' 


By  I'rof.  A.  M.  WoKTHiNGT»m,  M.  A.,  F.  R.  S. 


The  splasli  of  a  drop  is  a  traiisactiou  wliich  is  accomplished  in  the 
twinkling  of  an  eye,  anil  it  may  seem  to  some  that  a  man  who  proposes 
to  ctisconrse  on  the  matter  for  an  lionr  mnst  have  lost  all  sense  of  pro- 
portion. If  that  o])iuion  exists,  I  hope  this  evening  to  be  able  to 
remoTe  it  and  to  convince  you  that  we  have  to  deal  with  an  exquisitely 
regulated  phenomenon,  and  one  which  very  happily  illustrates  some 
of  tlie  fundamental  properties  of  fluids.  It  may  be  mentioned  also 
that  the  recent  researches  of  Lenard,  in  Germany,  and  J.  J.  Thomson, 
at  Cambridge,  on  the  carions  development  of  electrical  charges  that 
accompanies  certain  kinds  of  splashes  have  invested  with  a  new 
interest  any  examination  of  the  mechanics  of  the  phenomenon.  It  is 
to  the  mechanical  and  not  to  the  electrical  side  of  the  qnestitm  that  I 
shall  call  yonr  attention  this  evening. 

The  first  welt-directed  and  deliberate  observations  on  the  subject 
that  I  am  acquainted  with  were  made  by  a  schoolboy  at  liugby  some 
twenty  years  ago,  and  were  reported  by  him  to  the  Kngby  Natural 
History  Society.  He  had  observed  that  the  marks  of  ac^cidental 
splashes  of  ink  drops  that  ha<l  fallen  on  some  smoked  glasses  with 
which  be  was  experimenting,  presented  an  api>earaiice  not  easy  to 
account  for.  Drops  of  the  same  size  falling  from  the  same  height  had 
made  always  the  same  kind  of  mark,  which  when  carefully  examined 
with  a  lemt  showed  that  the  smoke  had  been  swept  away  in  a  system 
of  minute  concentric  rings  and  fine  stria-.  Specimens  of  such  pat- 
terns, obtained  by  letting  drops  of  mercury,  alcohol,  and  water  fall  onto 
smoked  glass,  are  thrown  on  the  screen,  and  the  main  characteristics 
are  easily  recognized.  Such  a  pattern  corresponds  to  the  footprints  of 
the  dance  that  has  been  performed  on  the  surface,  and  though  the 
drop  may  be  lying  unbroken  on  the  plate,  it  has  evidently  t>ecn  taking 
violent  exercise,  and  were  our  viHion  acute  enough  we  might  observe 
that  it  was  still  palpitating  after  its  exertions. 

A  careful  examination  of  a  large  iiuml)er  of  such  footprints  showed 
that  any  opinion  that  could  be  formed  therefrom  of  the  nature  of  the 
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mntion  of  th«  drop  Bia»t  be  largdy  euojectanl.  and  it  oocaired  to  me 
ftbont  ftit^hTM^n  years  ^o  to  endtfiiTor  bj-  means  of  tbe  illDmioation  of 
A  xnitahily  timed  el«etrie  »park  to  watch  »  drop  through  its  Varioos 
fhfmgrM  nn  impact. 

The  reanon  that  with  ordinar;  cootinnoas  light  nothing  can  be  satis- 
ttM^>ri]y  fiM-n  of  the  splash  id  not  titat  the  phenomenon  is  of  such  short 
(Inration,  tmt  becaoae  the  changes  are  so  rapid  that  before  the  image  of 
one  ninge  hiut  failed  from  the  eye  the  image  ol  a  later  and  qnite  dift'er- 
Knmiage  i»  snperposed  npon  it.  Thosthe  resulting  impressiou  is  aeon- 
fri'^f'l  sMH<ml>lage  of  all  the  stages,  a&  in  the  photograph  of  a  person 
wh'f  has  not  sat  still  wliile  the  camera  was  looking  at  him.  The  proh- 
leni  U>  \m  nolTt-il  experimentally  was  therefore  this:  To  let  a  drop  of 
d«<fl(iile  size  fall  from  a  definite  height  in  comparative  darkness  onto  a 
fliirrat^,  and  li>  illuminate  it  by  a  flash  of  exceedingly  short  dnration  at 
any  dt-Hire/l  staffe,  so  as  to  exclude  all  the  stages  previous  and  sub- 
iwr|t)eitt  Uf  the  one  thus  picked  out>  Tbe  flasb  must  be  bright  enough 
for  llin  Imngo  of  what  ih  seen  to  remain  long  enough  on  the  eye  for 
till'  irliM-rvcr  to  lie  able  to  atteml  to  it,  even  to  shift  his  attention  from 
oiiH  part  Id  niiotlKTfiuid  thns  to  make  a  drawing  of  what  is  seen.  If 
iiH'C^titry  tlic  t'xpcrlmout  must  be  capable  of  repetition,  with  an 
«>tii('M,v  xiiiillar  clrii)i  fulling  from  exactly  the  same  height,  and  illumi- 
riiilcd  111  o^iii'lly  the  mime  stage.  Then,  when  this  stage  has  been 
Mtillli'lfiilly  nMiill<-d,  we  must  be  able  to  arrange  witb  another  similar 
(iiiifi  III  llliiiiilinito  it  lit  a  rattier  later  stage,  say  one  one-thousandth 
ni'Miiii)  liitM,  iiikI  Iti  Mils  way  to  follow  step  by  step  the  course  of  the 
nlii'ti'  iiliMioiDcnmi. 

'Mil'  ii|i|iiiiiihi"  l>y  wliii-U  tliis  lias  been  accomplished  is  on  the  table 
III  Imh  fiHi,  'I'lini'  n  ill  nut  i«uf1U'e  to  explain  how  it  grew  out  of  earlier 
.in>Hii<i>trM'Mln  very  ditl'i'ivnt  in  tippeamnee,  but  itsuction  is  very  simple 
.Kill  (■iiy  li'  ll>ll"w-  l>.v  ii'U'ifiiw  to  theHliagram  (tig.  I). 

A  V  I"  II  Kiili'  n  >iiH)t>ii  rod  rather  longer  and  thicker  than  an  ordi- 
II II ,  li'iiil  |ii>rii-i],  iHiil  plvoliil  on  a  liori/.oiital  axle,  O.  The  rod  bears 
!il  (III-  Mill  A  I)  HMiiill  ili'i'p  wiitcli  gliwis,  or  segmeut  of  a  watch  glass, 
■  \iii- 1-  >iMi  liiii-  liii^>  Ix'oii  Hinok<Ml,  so  that  a  drop  even  of  water  will  lie 
•III  II  "llliiMil  iiillii"<li)ii.  Tbeeiiil  A'carnes  a  sniidl  strip  of  tinned  iron, 
Mill'  li  Mill  III'  jiii'-'ni'il  iiuninnl  iind  bold  down  by  an  electro-magnet,  C  C. 
^^  In  II  Mil  I'M  1 1  I'll  I  III  till'  i'lri'tM>mH);net  is  cut  off  the  iron  is  released, 
iii"li|ii  I  ml  ^  III  Mil'  ii>d  I*  ti>«!<(>d  up  by  (he  a4-tion  of  apieceof  India 
i>il,i,. )  »iii  |i  ||m|  i'<it<t|iMll  A\l>iiMii')AK«s  two  iH'gs  at  E,  and  bytbismeitns 
ll>i  ilM,|i  i>>'ith|i  nil  Mil'  tMiti'li  ^liinit  ix  lott  in  mid-air  f^«e  to  fall  from 

h  |i  1^.  ,1  )i(i>  i"i  Iv  "liolliii  iikI  \\<>iki<<l  in  just  the  same  way,  bntcar- 
i.>ii,.  -ii  |i  'I  '-iK'ill  liiitl 'Oiiiiil  iiii-t;i1  )  i  II K' on  which  an  ivory  timing 
P|l,.i<  .III,,  -ii  .,< -I  >  Mill  «  iii'iiMi' <'tin  iH'sitpiwrted.  Oncnttingoff 
till' I  III  M  >ii  ifI  Mil  >  l>  I  iMi  iii<M'<i<'i  tlx' oikIs  .\  and  It' of  the  two  levers 
H\v >ii--'.>i.i>,<i)  (...'■>>  •!  ii|i  In  <l«'t>iil»puU«>  and  thns  dropandaphere 
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begiu  to  fall  at  the  same  iiioineiit.  Before,  however,  the  drop  reaches 
the  enfface  on  which  it  is  to  impinge,  the  timing  sphere  strikes  a  plate, 
D,  attached  to  one  end  of  a  third  lever  pivoted  at  Q,  and  thus  breaks 
the  contact  between  a  platinum  wire  bound  to  the  underside  of  this 
tever  and  another  wire  crossing  the  first  at  right  angles.  This  action 
breaks  au  electric  coirent  which  Las  traversed  a  second  electro-magnet, 


P  (fig.  2),  and  releaRes  the  iron  armature  X  of  the  lever  N  P,  pivoted 
at  P,  thus  enabling  a  strong  spiral  spring,  G,  to  lift  a  stout  brass  wire, 
L,  out  of  mercury,  and  to  break  at  the  8urfa<;e  of  the  mercury  a  strong 
current  that  has  circulated  round  the  primary  circuit  of  a  Kuhmkorfi's 
indnction  coilj  this  produces  at  the  surfiice  of  the  mercury  a  bright 
-self-iodactiou  spark  in  the  neighborhood  of  the  splash,  and  it  is  by  this 
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flash  that  the  Bplash  is  viewed.  The  illumiiiation  is  greatly  helped  by 
Burrouuding  the  place  where  the  splash  aud  flash  are  prodnce^  by  a 
whit«  cardboard  .inclosure,  seen  in  fig.  2,  from  whose  walls  the  light  is 
diffused. 

It  will  he  observed  that  the  time  at  which  the  spark  is  made  will 
depend  on  the  distance  that  the  sphere  has  to  fall  before  striking  the 
plate  D,  for  the  subsequent  action  of  demagnetizing  P  and  polliug  the 
wire  L  out  of  the  mercury  in  the  cup  H  is  the  same  on  each  occa^on. 
The  modus  operandi  is  consequently  as  follows:  The  observer,  sitting 
in  comparative  but  by  no  means  complete  darkness,  faces  the  appa- 
rntns  as  it  ni)pcarB  in  flg.  3,  pres-ses  down  the  ends  A'  B'  of  the  levers 
lii'St  desci'ibi^d,  so  that  tiiey  are  held  by  the  electro-magnet  C  (fig.  1). 


'I'lii'ii  111'  |>ii>ni»>»  (lio  li'vi'f  N  1'  down  on  the  ele«.-tro- magnet  P,  sets  the 
lliiiliiti  t<|i|ii>ii>  mill  ilii)p  (u  |>lti(t\  Huil  then,  by  means  of  a  bridge 
lii>i\M<i<ii  (Mil  iiii'ii'my  I'opi,  stiort  i-hvuit.<  and  thus  cuts  off  the  current 
"t  IliK  (■li'i'Hii  nuiK'H'l  <\  'I'lti"  b'l-"*  "tV  dn>p  aud  sphere,  and  produces 
iU(<  tlii-li,  riio  Hiii>;ii  111  tlii<  t'lirniiiiuniou  that  is  thus  revealed  having 
bi'i'ii  r<tit1lrii<iill.\  Ktiiilu'il  li,\  it'iH'tition  ol"  tho  exiK>rimi-nt  as  often  as 
iim>  bo  )io.i— ..ii>,  lu'  lowoiJi  llii>  I'liili-  1*  i»  InK-tiou  of  an  inch,  and 
II '■'    ■iiHH  hilt'i  yl.ii;,'.      Nol  .mh  IS  ;,i 
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nomenon  thus  easily  brouglit  under  exami nation,  but  the  apparatus 
also  affords  the  means  of  measuring  the  time  interval  between  any  two 
stages.  All  that  is  necessary  is  to  know  the  distance  that  the  timing 
sphere  falls  in  the  two  cases.  Elementary  dynamics  then  give  us  the 
interva)  recguired.  Thus,  if  the  sphere  falls  1  foot  and  we  then  lower  D 
niiG-fourth  of  an  inch,  the  interval  between  the  corresponding  stages 
nill  be  about  0.0026  second. 

Having  thus  described  the  apparatns,  which  I  hope  shortly  to  show 
you  in  action,  I  pass  to  the  information  that  has  been  obtained  by  it. 

This  is  contained  in  a  long  series  of  drawings,  of  which  a  selection  will 
be  presented  on  the  screen.  The  first  series  that  I  have  to  show  repre- 
sents the  splasli  of  a  drop  of  mercury  0.15  inch  in  diameter  that  lias 
fiUlen  3  inches  onto  a  smooth  glass  plate.  (Plates  II,  III.)  It  will  be 
noticed  that  very  soon  after  the  first  moment  of  impact  minute  rays  are 
shot  out  in  all  directions  on  the  surface.  These  are  afterwards  over- 
flowed or  united,  until,  as  in  fig.  8,  the  outline  is  only  slightly  rippled. 
Then  {fig.  9)  main  rays  shoot  out,  from  the  ends  of  which  iu  some  cases 
minute  droplets  of  UqaiA  would  split  off,  to  be  left  lying  in  a  circle  on 
the  )>late,  and  visible  in  all  subsequent  stages.  By  counting  these  drop- 
lets when  they  were  thus  left,  the  number  of  rays  was  ascertained  to 
have  been  generally  about  twenty-four.  This  exquisite  shell-like  con- 
figuration shown  iu  fig.  0,  marks  about  the  maximum  spread  of  the 
liquid,  which,  subsiding  in  the  middle,  afterwards  flows  into  an  aniiulus 
or  rim  with  a  very  thin  central  film,  so  thin,  in  fact,  asoften  to  tear 
more  or  less  irregularly.  This  annular  rim  then  divides  or  segments 
(figs.  14,  lo,  10)  in  such  a  manner  as  to  Join  up  the  rays  in  pairs,  and 
thus  passes  into  the  twelve-lobed  annulns  of  fig.  16.  Then  the  whole 
contracts,  but  contracts  most  rapidly  between  the  lobes,  the  liquid  then 
being  driven  into  and  feeding  the  arms,  which  follow  more  slowly.  In 
fig.  2t  the  end  of  this  stage  is  reached,  and  now  the  arms  continuing  to 
come  iu,the  liquid  rises  in  the  center;  this  is,  iu  fact,  the  beginning  of 
the  rebound  of  the  drop  from  the  plate.  In  the  case  before  us  the  drops 
at  the  ends  of  the  arms  now  break  off  (fig.  2ri),  while  the  central  mass 
rises  in  a  column  which  Just  fails  itself  to  break  up  into  drops,  and  falls 
back  into  the  middle  of  the  circle  of  satellites  which,  it  will  be  under- 
stooil,  may  in  some  cases  again  be  surmnnded  by  a  second  circle  of  the 
still  smaller  and  more  numerous  droplets  that  split  off  the  ends  of  the 
rays  in  fig.  9,  The  whole  of  the  thirty  stages  described  are  accom- 
plished iu  about  one-twentieth  of  a  second,  so  that  the  average  interval 
between  them  is  about  one  six-hundredth  of  a  second. 

It  should  be  mentioned  that  it  is  only  in  rare  ea.ses  that  the  snbordi- 
uate  drops,  seen  in  the  last  six  figures,  are  found  lying  in  a  very  com- 
plete circle  after  all  is  over,  for  there  is  generally  some  shght  disturbing 
lateral  velocity  which  causes  many  to  mingle  again  with  the  central 
drop,  or  with  each  other.  But  even  tf  only  half  or  a  quarter  of  the 
(»rcle  is  left,  it  is  easy  to  estimate  how  many  drops  and  therefore  bow 
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Iti'Hu  'tHh"  IId^mi  Imvit  ItctMi.  It  may  be  DientioDed  that  sometimes  tbe 
.H(|-(t.t:  '(|  Hill  iit'.iillitl  IttktMif  liquid  (figs.  14,  15, 16, 17)  was  seen  to  be 
)!Mt;n:|l  mill  t  mil  lit  i  111)  (Htm'^'>utne  ripfdes,  not  shon-n  in  tbe  flgnres. 

I  III)  iiiiiitiUiili  utiw  italuratly  |i««eeDts  itself,  Wliy  slionld  tbe  drop 
liili.iki'  ill  Una  uiMuuwt  la  svwfeis;  tbif  answer  it  will  beaseful  to  ask 
MM\M'l\i«>  Ain'l  Wr  »:^i*tf<«w«.  WtiB  stun&l  we  have  expected  tlie  drop 
to  >tsv!  \\t-'--  ^'':'.  s  L  ^[fuoi-v  must  people  would  be  inclined,  arguing 
,■,,.„.•,.*>, ^\  *  .»  (  ?uii'L'v»  rf(iK  :ii;ic  it  woald  be  reasonable  to  expect 
,1 ,  ...vi.  '<  Ku..t:<i  ^^4•it',  ^uiil«v)!ii  vt»y  eoQsidnably  flatteo  itseir,  titid 
,i.,M,  .>.tii.v>  '<..  (r«<l  ~irc'-i>itir  jtsun.  tu  reboond.  perbaps  asacoluiDD 
N.IV  )    H^  \>-  i.t  <t  "vt-n.  <ui   lut  :u  :i>rm  ciii»  regular  system  of  rays  aud 

1,-..,-   im.    ^k.Ki',;  ■  ■»»•    .n>l'-i» 

X  .\    >   -^    i:,'   '<•:'  •    n-iu  iituio^v  w'cii*«>Ud  1:$ ntber misleading, 
t\    iv        ^•■■'^   :  ■'-     (!<.<—. t^  :t  '  iM? --:k<«  of  ;k  aolid  spbere  tbat  flattens 
,^  ■  ,.,...  ...-i.    If  .iv    :■  :iw«  ^^LI;-  eiafeturity  which  enables  it 

.,-,-..    <,.    ..^    11  ~v<-«ivi-r  *«■  .UT  d:s(oftion  of  shape  or 
1  .    ,  .,     .      ^      .......   mh-  :M>t  ff-tii  ■■ciiBT-    E«i  a  liquid  bas  uo 

'.,    .^.     ,    :•■..!  ^u>  ii  :uLei'iitu  '-oifar.  jiHi  ;b«oiily  force  that 

s    ,,    .V    .,.<«..,    . ..;  ■..;!  Li.iitly  >:ms«;s  :iif  :>fii:*»-err  of  shape  is  the 

..... .1  .i.'.-^;>  itoin  ciie  fact  t.i^  '.m  saitatx  layers  are 

.,      .        .    .  ...I   .  .  <  vlI'usioii  itud  ;hlway9  vDiic^kcuring  to  contract. 

'i-.v  ^vilt.'ll  liealiug  with  the  ::>ciMu«f  the  drop  to 

..Ox  iiquL'l  ;is  uoCcoiitrent. pn.tv:t;i:«i  w  tarnish  it  with 

,     ,   ^^a.     Where  tbf  »urfa<-e  skia  t:FS<i:uplT)mrTed  out- 

,.  .  i<-  -.juip  (il;:e  lit'  rbe  ttattentnl  d:?^  :d«rv  tbe  interior 

<v    .,i,M,i\  |>t'tf.v^ed  bttcli.     In  fact  tbe  pronRSSof  flatteoinf; 

.     .■■.i.'iii  wimli  <-ii.-r^y  of  motion  is  fir-l  expended  in  creat- 

.     1    ',,..  .1  -..iiiiit^^i'  ^tuil   sul>se<iii»-Dtly  recovered  as  tbe  surface 

I  lu    n.Lii~r.iriu.ttiou   t!^  hi>ve%-eT,  at  all   ■Ktraents  accom- 

>k   I     Li.ii  l<>.v-<  <>t' t^iier-Evashfat.    Mitreorar.il  Bust  be  remem- 

u-  I'lLi'mji  i'\|K-iid)^I  ill  creutiii;:  tbe  snrfMie  of  the  satellite 

.:  ■    'V  .lou'il   I'  tlie^se  remain  pennnoeiitly  se|>*rate.    Tbas  the 

u  I    ,>a  o\|iI:liiis  iIk- tfi'oil.  ;tiMl  it  isalsorhiselyconnected  with 

„■  1  oi  ilic  siiU'iiliriiite  ruys  and  arms.    To  explain  this  it  is 

,1 1  Ui  u'lii.iiil  yxii  tluit  A  liijuid  cylinder  is  an  unstable  coq- 

.    ,.  L       Vn  \oii  kuow.itriy  due .ji-t  becomes iRtuledand  breaks  into 

1 1  L .  iii>[  iKvfN^try  tliiit  tlier*  should  lie  any  flow  of  liqnid 

,>.     1. 1 .  ii,  lor  I's.i'i'i'io.  we  could  realize  a  rod  of  liqnid  of  tbe 

M   I    J  ,  ui  I  iiiH  iiitfraiid  libenue  it  in  the  air.  >t  would  not  retain 

.  1  ,,  ii  1  il  ■li.ii'.',  I'lii  wiHiUl  sfpiieiit  or  divide  it.«elf  up  into  a  row 

I     I  .  1,    nl>il\  d -^iHist^i  aii-ttnlint:  to  a  definite  and  very  simple 

,1  Lin.  v  ,  tb.it  ilu>  d;-t;in<es  N-tweeii  the  centers  of  coiitign- 

.     y    „.-iiiil   l.t«  I'liu.il  to  ilici-iirumfcrence of  the  cylinder.    This 

I,  ..,  II  l<\  I  <il.  iil.tiioii  to  N-  Hc<)nst><)uen4-eof  the  surface  ten  sion, 

.        ,1.  ii1liii..ii  h,iH  Imh'u  *'li»sely  verifieil  by  experiment    If  the 

w.Mv  lilHMiitwl  on  a  plate,  it  would  still  topple  into  a 
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regular  row  of  drops,  but  tliey  wonld  be  farther  apart;  tbis  was  ubown 
by  P]at«aa.  Now  imagine  the  cylinder  bent  into  nn  aoQulus.  It  will 
still  ibllow  tbe  same  law,'  i.  e.,  it  will  topple  into  drops  just  as  if  it  were 
straight.  This  I  can  show  you  by  a  direct  experimenL  1  have  here  a 
small  thick  disk  of  iron,  with  an  accurately  planed  face  and  a  handle 
at  the  back.  In  the  face  is  cut  a  circular  groove,  whose  cross  section 
is  a  semicircle.  1  now  lay  this  disk  lace  downward  on  the  horizontal 
fw^e  of  the  lantern  condenser,  and  through  one  of  two  small  holes 
boretl  through  t«  the  back  of  the  disk  I  fill  tbe  groove  with  quick- 
silver. Now,  suddeulylifting  tbe  di»k  from  the  plale  I  releaseauannu- 
luB  of  liquid,  which  splits  into  the  circle  of  very  equal  drops  which  yon 
see  project«d  on  the  screen.  Yon  will  notice  that  the  main  drops  have 
between  them  still  smaller  ones,  which  have  come  from  tbe  splitting  up 
of  tbe  thin  cylindrical  necks  of  liquid  which  connected  the  larger  drops 
at  tbe  last  momeut. 

Now,  this  tendency  to  segment  or  topple  into  drojts,  whether  of  a 
straight  cylinder  or  of  an  annulus,  is  the  key  to  the  formation  of  the 
arms  and  satellites,  and  indeed  to  much  that  happens  in  all  the  splashes 
that  we  shall  examine.  Thus  in  fig.  12  we  have  an  anunlar  rim,  which 
in  figs.  13  and  14  is  seen  to  topple  into  lobes  by  which  the  rays  are 
united  in  pairs,  and  even  the  special  rays  that  are  seen  in  Hg,  9  owe 
their  origin  to  the  segmentation  of  the  rim  of  the  thin  disk  into  which 
tbe  liquid  has  spread.  The  proceeding  is  probably  exactly  analogous 
to  what  takes  place  in  a  sea  wave  that  curls  over  in  calm  weather  on 
a  shgbtly  sloping  shore.  Anyone  may  notice  bow,  as  it  curls  over,  the 
wave  presents  a  long  smooth  edge,  from  which  at  a  given  instant  a 
a  multitude  of  jets  suddenly  shoot  out,  and  at  once  the  back  of  tbe 
wave,  hitherto  smooth,  is  seen  to  be  furrowed  or  "combed."  There  can 
be  no  doubt  that  the  cylindrical  edge  topples  into  alternate  convexities 
and  concavities;  at  the  former  the  How  is  helped,  nt  tbe  latter  hin- 
dered, and  thus  the  jets  begin,  and  special  lines  of  How  are  determined. 
In  precisely  the  same  way  the  previously  smooth  circular  edge  of  fig.  8 
topples,  ami  determines  the  rays  and  lines  of  flow  of  fig.  9. 

Before  going  on  to  other  splashes  I  will  now  endeavor  to  reproduce 
a  mercury  splash  of  tbe  kind  I  have  described,  in  a  manner  that  shall 
be  visible  to  all.  For  this  pur|>ose  I  have  reduplicated  the  apparatus 
which  you  have  seen,  and  have  it  here  so  arrangeil  that  I  can  let  the 
drop  fall  onto  tbe  horizontal  condenser  plate  of  the  Lint«'rn,  through 
which  the  light  passes  upward,  to  be  afterwards  thrown  upon  tbis 
screen.  The  illuminating  fiash  will  be  made  inside  the  lantern,  where 
tbe  arc  light  would  ordinarily  be  placed.  I  have  now  set  a  drop  of 
mercory  in  readiness  and  ]>ut  the  timing  s[iliere  in  place,  and  now  if 
you  will  look  intently  at  the  middle  of  the  screen  I  will  darken  the 
room  and  let  off  the  splash.     |Tlie  ex|KTiment  was  repeated  four  or 

'  See  Worthingtuu  ud  tlie  "  Hpontaueonti  eegnieutatioa  of  a  liquid  aiinaliiB,"  Pioc, 
B07.  Soo.,  No.  aOO,  p*ge  49  (1879). 
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fire  tune:^  antl  the  &)nr«s  seen  vere  like  those  of  Series  X.]  Of  coarse 
all  tbat  csu  be  shown  in  thi.s  war  b  the  outline,  or  rather  a  horizontal 
seetion  ot  the  i^plasfa;  bat  jron  are  able  to  reoogoize  some  of  the  con- 
fi^niratiMis  already  described,  and  viD  be  the  aiore  willing  to  believe 
that  a  moaentaiy  view  b»  after  ull  saBfteient  to  give  ranch  information 
if  oue  Is  oa  the  alert  iiud  h;k>  acquired  :$kill  by  practice. 

The  geuwal  featur*^  <>f  the  s{>Ia.«h  that  we  have  examined  are  not 
Bierely  characteristic  of  the  liquid  ■wcory,  bat  belong  to  all  sjtlashes 
of  a  liqmd  foUtug  onto  a  snrliwe  whieh  it  does  not  wet,  provided  the 
heijcht  of  &»ll  or  size  of  the  drop  are  not  so  great  as  to  caase  complete 
disruption,'  in  which  case  there  is  no  recovery  and  rebound.  Thns  a 
(lroi>  of  ntilk  falling  onto  a  snokcd  glass  will,  if  the  height  of  fall  and 
size  of  drop  are  pn>tierly  adjusted,  give  fwins  very  similar  to  those 
present)^  by  a  drop  of  merv-ury.  The  whole  course  of  the  phenomenon 
de|ieuds.  iu  fa«.'t,  uiuiuly  oq  toor  quantities  only:  (1)  The  size  of  tbe 
drop;  (^)  the  height  i>f  foil:  (3)  the  valae  of  tbe  surface  teusion ;  (4) 
the  viscosity  of  the  li<|uid. 

The  next  series  of  drawings  iltostrates  the  splash  of  a  drop  of  water 
tailing  iutt>  water. 

In  or^ler  the  better  to  dtstiofntish  the  liquid  of  the  original  drop 
fttuu  that  into  which  it  falls,  tbe  latter  was  coh>red  with  ink  or  with  au 
aniline  dye,  and  the  drop  itself  was  of  water  rendered  turbid  with 
Uiifly  divide^l  matter  iu  sus|>eusiou.  Finally,  drops  of  milk  werefonnd 
to  l>e  very  suitable  for  the  {korttose.  tbe  substitution  of  milk  for  water 
not  priHlticiug  any  observable  chauj-e  iu  the  phenomenon. 

In  Series  II  tbe  drop  fell  3  inches,  and  waa  one-6fth  of  an  inch  in 
diameter.    (I'late  IV.) 

(Iu  most  of  the  Sjiurcs  of  this  and  of  sueceediug  series  the  central 
white  patch  represents  the  original  drop,  and  tbe  white  parta  round  it 
repi'esent  thost*  raised  portions  of  the  liquid  which  catch  the  light. 
The  nnuibers  at  the  side  of  eiich  lignre  give  the  time  interval  in  sec- 
onds tWm  the  occurrence  of  the  tirst  figure,  or  of  tbe  figure  marked 
T  =  «.I 

It  will  be  <>l>serve<l  that  the  drop  tiattens  itself  out  somewhat,  and 
descends  at  the  tntttom  of  a  hollow  with  a  raised  beaded  edge  (fig.  2). 
This  wlge  would  be  smooth  and  ciiriilar  but  for  tbe  instability  which 
causes  it  to  topple  into  ilroits.  As  the  «lrop  descends  the  hollow 
becomes  wider  and  deei>er,  and  finally  closes  over  the  drop  (fig.  3), 
which,  however,  soon  iigaiii  emerges  as  tbe  bollow  lluttens  out,  appear* 
ing  first  near,  bnt  still  below  the  surface  (tig.  4), in  a  tlattened,  lolied 
foru),  afterward  rising  as  a  4.-oluuin  somewhat  mixed  with  adherent 
water,  in  which  tnices  of  the  lobes  are  at  first  very  visible^ 


'  UotuliTs  who  wi»b  u  uu'tt'  (li>tiiil<-il  aci'uuul  of  a  gri'ater  variety  of  aplashea  are 
nfbTreil  til  jijipere  bj  tLe  .iiitlmr,  I'lw.  K«.v.  Soc.,  VoL  Xi\', paycB  261  aud  496  (1877) ; 
j^Vul.  XXXIV,  iiagayiT  {IViSi). 
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SERIES    II. 
The  Splash  of  a  Drop,  followed  in  Detail  bv  instantaneous  Illumination. 

Dluieter  of  drop,  half  inuli.    HeJKhC  or  faU,  N  Inches. 
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The  rising  column,  which  is  nearly  cylindrical,  breaks  ap  into  drops 
before  or  daring  its  subsequent  descent  into  the  liquid.  Ah  it  disap- 
pears below  the  surface  the  outward  and  downward  flow  causes  a  hollow 
to  be  again  formed,  up  the  sides  of  which  an  aunulusof  uiillt  is  carried, 
while  the  remainder  descends  to  be  torn  again  a  seeond  time  into  a 
Tortex  ring,  which,  however,  is  liable  to  disturbance  from  the  falling 
in  of  tlie  drops  which  once  formed  the  upper  part  of  the  rebounding 
column. 

It  is  not  difflcnlt  to  recognize  some  features  of  this  splash  without  any 
apparatus  beyond  a  cup  of  toa  and  a  8|>oonfTilof  milk.  Any  drinker  of 
afternoon  tea,  after  the  tea  is  poured  oat  and  before  the  milk  is  put  in, 
may  let  the  milk  fall  into  it  drop  by  drop  from  1  or  2  inches  atmve  it. 
The  rebounding  columu  will  be  seen  to  consist  almost  entirely  of  milk, 
aud  to  break  up  into  drops  in  the  manner  described,  while  the  vortex 
ring,  whose  core  is  of  milk,  may  be  seen  to  shoot  down  into  the  liquid. 
But  this  is  better  observed  by  dropping  ink  into  a  tumbler  of  clear 
water. 

Let  us  now  increase  the  height  of  fall  to  17  inches.  Series  III 
exhibits,  the  result  (Plate  V).  All  the  characteristics  of  the  last  splash 
are  more  strongly  marked.  In  fig.  I  we  have  caught  sight  of  the  little 
raised  rim  of  the  hollow  before  it  has  beaded,  but  in  fig.  2  special 
channels  of  easiest  flow  have  been  already  determined.  The  number 
of  ribs  and  rays  in  this  basket-shaped  hollow  seemed  to  vary  a  good 
deal  with  different  drops,  as  also  did  the  number  of  arms  and  IoIh's 
-  seen  in  later  figures,  in  a  somewhat  puzzling  manner,  and  I  have  made 
DO  attempt  to  select  drawings  which  are  in  agreement  in  this  respect. 
It  will  be  understood  that  these  rays  contain  little  or  none  of  the. 
Hqaid  of  the  drop  which  remains  collected  together  in  the  middle. 
Drops  from  these  rays  or  from  the  larger  arms  and  lobes  of  subsequent 
figures  are  often  thrown  off  high  into  the  air.  In  figs.  Sand  4  the  drop 
Is  clean  gone  below  the  surface  of  the  hollow,  which  is  now  deeper  and 
larger  than  before.  The  beautiful  bemled  annular  edge  then  subsides, 
and  in  fig.  5  we  see  the  drop  again,  and  in  fig.  6  it  begins  to  emerge. 
Bat  although  the  dixip  has  fallen  from  a  greater  height  than  in  the 
previons  splash,  the  energy  of  the  impact,  instead  of  being  expended 
in  raising  the  same  amount  of  liquid  to  a  greater  height,  is  now  spent 
in  lifting  a  much  thicker  adherent  column  to  about  the  same  height 
as  in  the  last  splash.  There  was  sometimes  noticed,  iis  is  seen  iu  fig.  9, 
a  tendency  in  the  water  to  flow  up  past  the  milk,  which,  still  compara- 
tively uumixeil  with  water,  rides  triumphant  on  the  top  of  the  emer- 
gent column.  The  greater  relative  thickness  of  this  column  prevents 
its  splitting  into  drops,  and  figs.  10  and  II  show  it  descending  below 
the  surface  toform  the  hollow  of  lig.  12,  up  the  sides  of  which  an  annu- 
lar film  of  milk  is  carried  (figs.  12  and  13),  having  been  detat<^lied  from 
the  central  mass,  which  descends  to  be  torn  again,  this  time  centrally 
into  a  well-marked  vortex  ring. 
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If  we  keep  to  the  siiine  size  of  drop  and  increuite  the  fall  to  some- 
tbiDg  over  a  yard  no  ^reat  cbaiige  occurs  in  the  nature  of  the  splash 
but  the  emergent  column  in  rather  higher  and  thinner  and  showH  a  ten- 
dency to  split  into  drops. 

When,  however,  we  double  the  volume  of  the  drop  and  raise  the 
height  of  fall  to  52  inches,  the  splash  ofSeries  I  Vis  obtained  (Plate  VI), 
which  is  beginning  to  assnme  quite  a  different  character.  The  raised 
rim  of  the  previous  series  is  now  developed  into  a  hollow  shell  of  COD- 
siderable  height,  which  tends  to  close  over  the  dntp.  This  shell  or 
dome  is  a  characteristic  featare  of  all  splashes  made  by  large  drops 
falling  from  a  cousiderabiti  height,  and  is  extremely  beautiful.  In  the 
splash  atiiresentuodcrconBidemtionitdoesnotalwayssacceed  in  closing 
permanently,  but  opens  out  as  it  subsides,  and  is  followed  by  the  emer- 
gence of  thedrop  (fig.  8).  Inflg.  9  the  return  wave  overwhelms  thedrop 
for  an  instant,  but  it  is  again  seen  at  the  snmniitof  the  column  in  fig.  10. 

But  on  other  occasions  the  shell  or  dome  of  figs,  i  and  5  closes  per- 
manently over  the  imprisoned  air,  the  liquid  then  flowing  down  the  sides, 
which  become  thinner  aud  thiuner,  till  at  length  we  are  left  with  a  large 
Jjubble  floating  on  the  water  (see  Scries  V,  Plate  VIl).  It  will  be 
observed  that  the  flow  of  liquid  down  the  sides  is  chiefly  along  definite 
channels,  which  are  probably  determined  by  the  arms  thrown  up  at 
an  earlier  stage.  The  bubble  is  generally  creased  by  the  weight  of 
the  liquid  along  these  channels.  It  must  be  remembered  that  the  base 
of  the 'bubble  is  in  a  state  of  oscillation,  and  that  the  whole  is  liable  to 
burst  at  any  moment,  when  such  figures  as  G  aud  7  of  theprevious  series 
will  be  seen. 

Such  is  the  history  of  the  building  of  the  bubbles  which  big  rain- 
drops leave  on  the  smooth  water  of  a  lake,  or  pond,  or  puddle.  It  is 
only  the  bigger  drops  that  can  do  it,  and  reference  to  the  number  at 
the  side  of  fig.  r>  of  Series  IV  (Plate  VI)  shows  that  the  dome  is  raised 
in  about  two-hnndredtbs  of  a  second.  Should  thedomesfail  toclose,  or 
should  they  open  again,  we  have  the  emergent  columns  which  any 
attentive  observer  will  reiulily  recognize,  and  which  have  never  been 
better  described  than  by  Mr.  li.  L.  Stevenson,  who,  in  his  delightful 
Inland  Voyage,  s]>cakH  of  the  surf:u:e  of  the  Belgian  canals  along  which 
be  was  canoeing,  as  thrown  up  by  the  rain  into  "an  infinity  of  little 
crystal  fountains." 

Very  beautiful  forms  of  the  same  tyjie  indeed,  but  different  in  detail, 
are  tboae  produced  by  a  drop  of  water  falling  into  the  lighter  and 
more  mobile  li<)4iid,  jietroleum. 

It  will  now  be  interesting  to  turn  to  the  splash  that  is  itroduced 
when  a  solid  sphere,  such  as  a  child's  marble,  falls  into  water. 

I  found  to  my  great  surprise  that  the  character  of  the  splash,  at  any 
rate  up  to  a  height  of  fall  of  4  or  5  feet,  depends  entirely  on  the  state 
of  the  surface  of  the  sphere.  A  i>olished  sphere  of  marble  about  0.6  of 
Stu  iQoh  in  diauteter,  rubbed  very  dry  with  a  cloth  just  beforehand  an4 
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The  Splash  of  a  Drop, 

Diuneler  of  drop. 


IN  Detail  bv  instantaneous  Illumination. 

Ineli.    HelKht  of  tmSl.  1  foot  i  IdvIkh. 
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dropped  from  a  Wetglit  of  2  feet  into  water,  giive  tlie  flgnres  of  Series 
VI  (Plate  VIII),  iu  wliieb  it  is  seen  that  tbe  water  spreads  over  the 
sphere  so  rapidly  That  it  ia  sheatbed  with  tlie  liquid  even  before  it  has 
passed  below  the  general  level  of  the  sarface.  Tbe  splash  is  insignifi- 
cantly small  mid  of  very  short  daratiou.  If  the  drying  and  polishing 
be  not  so  perfect,  tbe  configurations  of  Series  VII  (Plate  VIII)  are  pro- 
duced; while  if  tbe  sphere  be  roughened  nitb  sandpaper,  or  left  wet, 
ISeries  VIII  (Plate  VIII)  is  obtained,  in  which  it  will  be  perceived  that, 
as  was  the  case  with  a  liqaid  drop,  tbe  water  ia  driven  away  laterally, 
forming  the  ribbed  basket-shaped  hollow,  which,  however,  is  now 
prolonged  to  a  great  depth,  tho  drop  being  followed  by  a  cone  of  air, 
while  the  water  seems  to  find  great  difiiculty  in  wetting  the  surface 
completely.  Part  of  this  column  of  air  was  carried  down  at  leiist  IC 
inches,  and  then  only  detacbeil  when  the  s[)here  struck  the  bottom  of 
the  vessel. 

Figs.  6  and  7  show  the  crater  falling  in,  but  this  did  not  always  hap- 
pen, for  the  walls  often  closed  over  the  hollow  exactly  as  in  flgs.  4  and 
5  of  Series  IV.  Meanwbile  tbe  long  and  nearly  cylindrical  portion 
below  breaks  up  into  bubbles  which  rise  quickly  to  the  surface. 

By  increasing  the  fall  to  5  feet  we  obtain  the  figures  of  Series  IX 
(Plate  IX).  The  tube  of  fig.  1  corresponds  to  the  dome  of  Series  IV 
and  V,  and  is  not  only  elevated  to  a  surprising  height,  but  is  also  in  tbe 
act  of  cleaving  (tbe  outline  being  approximately  that  of  the  undnloid 
of  M.  Plateau).  Figs.  2  anil  3  show  the  bubble  formed  by  the  closing 
up  of  this  tube,  weighed  down  in  the  center  as  in  figs.  5  and  C  of  Series 
V.  Similar  results  were  obtained  with  other  liquids,  such  as  i>etroleum 
and  alcohol. 

It  is  easy  to  show  m  a  very  striking  manuer  the  paramount  influence 
of  the  condition  of  the  solid  surface.  I  have  here  a  number  of  similar 
marbles.  This  set  has  been  well  polished  by  rubbing  with  wash  leather. 
I  drop  them  one  by  one  through  a  space  of  about  1  foot  into  this  deep, 
wide,  cylindrical  glass  vessel,  lighted  up  by  a  lamp  ptiu^ed  behind  it. 
Ton  see  each  marble  entei-s  noiselessly  and  with  hardly  a  visible  traee 
of  splash.  Now  I  pick  them  out  and  di'op  them  in  ugain  (or  to  save 
trouble,  I  drop  in  these  other  wet  ones);  everything  is  changed.  You 
see  how  the  air  is  carried  to  tbe  very  bottom  of  tlie  vessel,  anil  you 
bear  tbe  "y'l'iTffj9oc"of  the  bubbles  as  they  rise  to  the  surface  and  burst. 
These  dry  but  rough  marbles  behave  in  much  the  same  way. 

Sucb  are  tbe  main  features  of  the  natural  history  of  splashes,  as  I 
made  it  ont  between  thirteen  and  eigbtecn  years  ago.  Before  passing 
on  to  the  photographs  that  I  have  since  obtained,  I  desire  to  add  a  few 
words  of  comment.  I  have  not  till  now  alluded  to  any  impeifectiona 
in  tbe  timing  apparatus.  Itct  no  apparatus  of  the  kind  can  be  abso- 
lutely perfect,  and,  as  a  matter  of  fai^t,  when  everything  is  at^justed  so 
as  to  display  a  particular  stage,  it  will  happen  that  in  a  succession  of 
pbaervatiosB  there  ia  a  certain  variatiou  iu  what  is  seen.    Xliqa  tbe 

ii,Cooc^lc 
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The  Splash  of  a  Drop,  followed  in  Detail  bv  instantaneous  Illumination. 

DUmeter  of  drop,  one-touith  Inch.    Height  of  tail,  4  teet  4  lucbes. 
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SERIES    V. 

The  Spusm  of  a  Drop,  fOLLOweo  in  Detail  by  instantaneous  Illumination. 

The  Blwi  of  drop  wid  height  ot  roll  are  thn  wme  om  before,  but  the  hollow  abell  (»««  Urn  4  and  S  of 
thepre»loii»»erteB|d««nu«Bueceed  In  opMilnjt,  hut  Isleft  asahiiWite  ou  thaBurface.  Thiaeiplains 
the  fonnaUon  of  buWtle*  when  dig  ralrulroiii  fall  inio  a,  i>o.p|  ot  WBler.  tii^i-iiis 
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SERIES    VIM. 

WMEK  THf  SOHERC  U  ROUOH  <«  WET. 

Splush  of  a  solid  Sphere  (Marble  half  inch  Diameteb,  fallimq  2  feet  into  WaterL 
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sufficient  for  photography.  When  the  carrent  strengtli  woh  inereaaed, 
80  as  to  mabe  the  illuuinatioD  bright  enough  for  the  camera,  then  the 
spark  became  of  too  great  daration,  for  it  lasted  tor  between  four  and 
five  thoasandths  of  a  second,  within  which  time  there  was  very  per- 
ceptible motiou  of  the  drop  and  consequent  blurring.  It  was  therefore 
necessary  to  modify  the  ap[)aratus  so  an  to  employ  a  Leyden-jar  siKtrk 
whose  duration  was  probably  less  than  teu-millionths  of  a  second.  A 
very  slight  change  in  the  apparatus  rendered  it  suitable  for  the  new 
conditions,  but  time  does  not  ]>ermit  me  to  describe  the  arrangements 
ID  detail.  It  is,  however,  less  necessary  to  do  so  as  the  method  is  in 
all  essentials  the  same  as  that  described  in  this  room  two  years  ago  by 
Lord  Bayleigh  in  connectiou  with  the  photography  of  a  breaking  suap- 
film.'     I  therefore  pass  at  once  to  the  photographs  therasclves. 

The  first  two  series  (Plates  X,  XI)  may  be  described  as  shadow  photo- 
graphs. They  were  obtained  by  allowing  a  drop  of  mercury  to  fall 
onto  the  naked  photographic  plate  itself,  the  illuminating  spark  being 
produced  vertically  above  it,  and  they  give  only  a  horizontal  section  of 
the  drop  in  various  stages.  The  first  series  corresponds  to  a  mercury 
splash  very  similar  to  that  first  described,  and  the  second  to  the  splash 
of  a  larger  drop  such  as  was  not  described.  In  each  series  the  tearing 
of  the  thin  central  film  to  which  allusion  was  made  is  welt  illustrated. 
I  think  the  first  comment  that  anyone  would  make  is  that  the  photo- 
graphs, while  they  bear  out  the  drawings  in  niiiiiy  details,  show  greater 
irregularity  than  the  drawings  would  have  led  one  to  expect.  On  this 
point  I  shall  presently  have  something  to  say. 

Comparing  the  first  set  of  drawings  with  the  photographs  of  Series 
X,  it  will  be  seen  that  photograph  2  corresponds  to  drawing  4  or  5; 
photograph  3  to  that  of  9;  photograph  4  to  that  of  18;  photograph  6 
to  that  of  20,  and  photograph  7  to  that  of  24,  but  the  irregularity  of 
the  last  photograph  almost  masks  the  resemblance. 

Series  XII  (Plate  XII)  gives  an  objective  view  of  a  mercury  splash  as 
taken  by  the  camera.  Only  the  first  of  this  series  shows  any  detail  in  the 
interior.  The  polished  surface  of  the  mercury  is,  in  fact,  very  trouble- 
soiQe  to  illuminate,  and  this  splash  proved  the  most  difficult  of  all  to 
photograph. 

Series  XIII  (Plato  XIII)  shows  the  splash  of  a  drop  of  milk  falling 
onto  a  smoked-glass  plate,  on  which  it  runs  about  without  adhesion, 
jost  as  mercnry  would.  Here  there  is  much  more  of  detail.  lu  fig.  4 
the  central  film  is  so  thin  in  the  middle  that  the  black  plate  beneath  it 
is  seen  through  the  liquid.     In  fig.  8  this  filui  has  been  torn. 

Series  XIV  (Plates  XIV,  XV)  exhibits  the  splash  of  a  water  drop 
falling  into  milk.  The  first  four  photographs  show  the  oscillations  of 
the  drop  about  a  mean  spherical  figure  an  it  approaches  the  surface. 


lA  deUUed  aoconnt  of  the  optical,  mechBDJcal,  Ami  eleotriral  nrrnngcinonta 
employed,  irrilton  by  Mr.  Cole,  will  be  fonud  in  Nature,  Vol.  I,  page  222  (Jnly  5, 
18M).  .^  I 
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of  the  circamfereuce  where  they  are  regalarly  spaced  aud  to  fill  up  the 
rest  in  iinagiuatioD,  aud  that  where  a  ray  may  be  really  abseot  he  prefers 
to  cousider  that  it  has  been  imperfectly  viewed. 

This  opinion  is  conSrined  by  the  fact  thnt  in  several  cases  T  have  been 
able  to  observe  with  the  naked  eye  a  splash  that  was  also  siuiultaneously 
photographed,  aud  have  made  the  memoramlam  "quite  regular,''  though 
tiie  photograph  subseqneutly  showed  irregularity.  It  must,  however, 
be  observed  that  tbe  absolute  darkuess  aud  other  couditions  necessary 
for  photography  are  not  very  favorable  for  direct  vision. 

And  uow  my  tale  is  told,  or,  rather,  as  much  of  it  as  tbe  limits  of  the 
time  allowed  me  will  permit.  I  think  you  will  agree  that  tbe  phenomena 
are  very  beaatiful,  and  that  tbe  details  of  this  transaction,  familiar 
though  it  has  been  to  all  maukind  since  the  world  bcgau,  have  yet 
proved  worthy  of  an  hoar's  attention. 
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THE  Splash  of  a  Drop  of  Mercury,  4.83  mm.  in  Diameter,  fallinq  8.9  cm.  onto 
A  HARD  POLISHED  Surface. 
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THE  WASTE  AND  CONSERVATION  OP  PLANT  FOOD. ' 


By  Habtet  W.  Wiley. 


One  of  the  greatest  of  the  practical  problems  pre8eiit«d  for  solution 
by  agricaltural  chemistry  is  the  conservation  of  plant  food.  With  an 
abundance  of  plant  food  and  a  favoring  climate,  it  is  difficult  to  place  a 
limit  to  the  power  of  the  earth  for  sapporting  life.  We  have  read  much 
iu  political  economy  of  the  limit  of  snbsistence,  and  one  bold  philoso- 
pher has  based  a  theory  of  the  limitation  of  the  number  of  human 
beings  upon  the  earth  on  the  insufficiency  of  the  earth  to  support  a 
greater  number.  Hitppily,  however,  the  Malthnsiau  philosophy  was 
promulgated  before  the  days  of  that  great  agricnltnral  renaissance 
which  baa  been  brought  about  chiefly  throagh  the  efforts  of  experimeu- 
tnl  agricultural  chemistry.  I  am  not  so  blinded  by  the  achievements 
of  agricultural  chemistry  as  to  deny  to  many  other  branches  of  science 
an  important  and,  in  many  cases,  necessary  influence  in  this  develop- 
ment of  agricultural  science;  but  I  think  every  candid  man  will  admit 
that  in  this  development  chemistry  has  always  taken  the  front  rank 
and  led  the  way.  This  is  preeminently  true  of  the  investigations  into 
the  nature  aud  extent  of  the  plant  food  available  on  the  sorfoce  of  the 
earth. 

In  this  country,  owing  to  the  great  stores  of  wealth  which  the  past 
had  accnniulated  in  the  soil,  it  is  only  within  recent  years  that  the 
question  of  the  supply  of  plant  food  has  assumed  any  practical  impor- 
tance. As  long  as  there  were  virgin  fields  at  the  disposal  of  the  agri- 
cnlturfd  rapist,  the  conservation  and  restoration  of  exhausted  fields 
were  of  little  conseqneiice.  The  result  has  been  that  the  wealth  of 
hundreds  or  perhaps  thousands  of  years  slowly  stored  in  the  soil  has 
been  poured  forth  in  a  century,  not  only  for  the  enrichment  of  this 
country  but  for  the  benefit  of  all  countries.  Unfortunately,  or  fortu- 
nately, these  stores  are  now  practically  explored  and  there  is  little  left 
in  this  land  of  virgin  fertility  to  tempt  the  farmer  to  new  conquests. 
Not  only  have  these  stores  of  plant  food  been  utilized  but,  much  to  the 
discredit  of  the  American  farmer,  they  have  been  wasted.  The  mark 
of  good  agriculture  is  to  see  fields  yielding  annually  good  returns  and 

'  Betiriug  addreaa  of  the  preniileot  of  tbe  Auericau  Choioical  Society,  Bdtimore 
meeting,  DeceinbeT  27,  1893.  From  the  Joimiftl  of  tbe  American  CbemJOAl  Society, 
Vol.  XVI,  Ho.  1,  Januuy,  1894. 
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unable  to  resist  tlie  action  of  flowing  soiface  water.'  Tbe  muddy 
character  of  tbe  water  in  all  streaiDB  bordering  oti  cnltivated  billy  fields 
after  a  heavy  rain  Btorm  is  a  familiar  iustauce  of  the  tremendous 
energies  which  are  exerted  by  a  heavy  downpour  of  rain  in  the  carrying 
of  the  soil  into  tbe  streams  and  its  transportation  toward  the  sea. 

It  is  not  necessary  to  emphasize  the  fact  that  the  agricultural  chemist 
is  practically  powerless  to  prevent  the  Biirface  erosion  due  to  heavy 
rains,  but  a  few  practical  lessons  derived  from  tbe  application  of  chemical 
discoveries  to  the  soils  show  how,  in  a  certain  measure,  even  surface 
erosion  may  be  controlled,  or  at  leant  reduced  to  a  tninimum  by  tbe 
application  of  tbe  principle.^  of  culture  founded  n|>on  the  facts  disclosed 
by  advanced  science. 

The  observing;  agricnlturist  will  have  noticed  that  even  in  a  hilly 
country  a  soil  in  situ  underlaid  hy  limestone  is  less  likely  to  be  cat  op 
by  gullies  tbau  a  soil  similarly  situated  and  deficient  in  carbonate  of 
lime.  The  reason  of  this  is  plain.  In  a  soil  deficient  in  lime  the  clays 
when  once  brought  into  suspension  by  moving  water  assume  a  semi- 
colloid  state  and  remain  indefinitely  in  suspension.  Clays,  on  the  other 
hand,  which  are  heavily  impregnated  with  lime  salt::  are  in  a  floccu- 
lated state,  and  the  larger  aggregates  thus  produced  settle  quickly. 
The  resDit  of  this  is  tliat  such  a  soil  is  less  easily  moved  by  water,  and 
a  field  thus  treated  less  exposed  t«  washing  by  heavy  rains. 

Onr  knowledge  of  floccniation  and  its  physical  and  chemical  resnlte 
is  due  largely  to  the  investigations  of  Hhul/e,  Scliloesing,  and  11  ilgard, 
and  the  results  of  their  rcsearcbes  have  shown  in  a  most  emjihatic  way 
the  beneficial  changes  which  take  i>la4-e,  e8])ecially  in  stiff  clay  soils,  by 
the  application  of  lime. 

It  is  thus  an  incontrovertible  fact  that  the  surface  washing  of  culti- 
vated fields,  especially  if  they  be  natundly  deficient  in  lime,  could  be 
greatly  diminished  and  has  been  greatly  dimiuishetl  hy  the  free  appli- 
cation of  this  sobstauce. 

The  change  in  the  physical  condition  of  the  soil,  which  is  produced 
hy  the  lime,  is  also  another  ini|)ortHnt  factor  worthy  of  consideration. 
A  stiff  clay  soil  is  almost  impervious  to  the  penetration  of  surface 
water  and  thus  the  amount  which  is  carrietl  off  is  raised  to  a  maximum. 
A  welMimetl  soil,  on  the  contrary,  in  which  the  particles  are  perfectly 
flocculated,  is  much  more  pervious  and  the  amount  of  water  which  will 
be  retained  and  delivered  gradually  to  vegetable  growth  is  moch 
greater.  Thus  the  beneficial  elTects  of  lime  are  manifestetl  in  both 
ways — in  the  better  retention  of  tlie  flncculateil  clays  and  in  increas- 
ing tbe  capacity  of  the  soil  for  holding  a  given  amount  of  water  in  its 
interstitial  spaces. 

There  are  many  other  salts  which  also  have  tbe  same  properties  as 
those  of  lime,  but  I  have  sjioken  of  lime  salts  chiefly  because  they  are 
cheaper  and  therefore  more  economically  applied.  Perhaps  next  to 
lime,  common  salt  would  be  the  most  efficient  in  producing  the  results 
already  described;  but  common  salt  being  extremely  soinbta , waold 


and 


.,     . .  u    imeniif  t. 
^le,.   .u[    oat  -be 

ii,Cooc^lc 


THE  WASTE   AND  CONSERVATION  OF   PLANT  FOOD.         217 

little  eKcesH  or  tieficien<y  of  water  is  of  far  more  importance  to  the 
growing  crop  than  the  quantity  of  the  excess  or  dcticiency  of  its  other 
foods.  Soils  richest  in  plant  food  will  produce  a  small  harvest  if  there 
be  a  great  excess  or  deflcieiicy  of  water,  while  soils  which  are  poor  in 
plant  food  will  produce  an  abundant  crop  if  the  water  be  jtresent  in 
proper  amonnts  and  have  proper  and  timely  access  to  the  rootlets  of 
the  plant.  The  stndy,  therefore,  of  the  water  movement  in  the  soil, 
whether  latt^rally,  upward,  or  downward,  is  of  the  utmost  practical 
importance.  The  methods  of  a  study  of  this  kind  have  been  well  estab- 
lished by  King.' 

The  plant  food  of  the  soil,  it  is  well  understood,  only  has  access  to 
tbe  absorbent  organs  of  the  plant  when  presented  in  a  proper  soluble 
or  semisoiuble  form  in  connection  with  water.  From  a  chemical  stand- 
point, in  connection  with  the  subject  under  discussion,  the  movement 
of  water  in  the  soil  should  be  considered  in  connc^ction,  not  alone  with 
its  power  of  dissolving  plant  foixls,  but  with  especial  reference  to  its 
power  of  carrying  them  not  only  away  from  the  reach  of  the  roots  of  the 
plant,  bnt  even  out  of  the  field  and  into  the  streams  and  rivers  and 
eveutually  into  the  sea.  For  our  present  puriKtse,  therefore,  we  have 
only  need  to  examine  lysimetric  observations  for  the  purpose  of  deter- 
mining the  kinds  of  plant  food  which  are  most  exposed  to  waste.  It 
is  not  my  purpose  to  take  your  time  here  with  a  vast  array  of  flgures, 
but  I  desire  only  to  call  yonr  attention  to  the  fact  that  of  the  chief 
plant  foods  potash  and  the  nitrates  are  the  ones  which  are  most 
exposed  Ut  loss. 

The  earliest  systcmati<;  investigations  of  the  <]uantity  and  composi- 
tion of  drainage  were  commence<l  at  the  Itothamsted  Station  by  Lawes 
and  Gilbert,*  in  1S70.  Lysimcters  were  constructed  for  the  collection 
of  tbe  drainage  water  from  30,  40,  and  CO  inches  depth  of  soil,  respect- 
ively, tbe  soil  and  subsoil  being  kept  in  the  natural  state  of  aggregation. 

Lawes  and  Gilbert  call  attention  to  the  fact  that  probably  at  tbe 
Bothamsted  Station  not  more  than  ■'>  pounds  of  iiitrogt^n  are  se<'ured 
per  acre  each  year  from  the  atmosphere  and  the  rain  water,  while  the 
average  loss  of  nitrogen  through  the  drainage  water  is  over  30  pounds 
per  acre.  The  quantity  of  course  varies  with  the  amount  of  rainfall 
and  the  acti\~ity  of  nitrification.  They  speak  of  the  possible  exaggera- 
tion of  the  loss  of  nitrogen  on  account  of  the  fjwt  that  the  air  had 
access  to  the  soil  both  from  below  and  above,  and  then'fore  the  process 
of  nitrification  where  the  lysimetera  were  placed  might  have  been 
inteusifie«l. 

Among  the  latest  researches  on  this  subject  are  those  of  Doherain.^ 
It  is  pointed  out  by  this  author  that  the  chariw-ter  of  the  crop  grown 
upon  the  caltivatwi  field  has  nmcli  Ut  do  with  the  determination  of  the 


■  Minth  Annnal  Report  of  the  Wisconsin  £xperiiueDl  Station,  pajfe  120  et  iioq. 
'  Joar.  Roy.  Agri.  Sae.,  vol.  17,  paj-eB  241-^79  ami  Sll-l-rfl;  Vol.  Ifi,  pages  1-71. 
'Annales  AgrouoQiiques,  February  23,  It£93,  page  65  ot  svq. 
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loHB  (if  iiitmp;eii  per  acre.  Tlinse  crops  niiiuli  reqnire  an  immenac 
amount  of  moisture  for  their  growth,  such  as  the  sugar  beet,  would 
tend  thereby  to  prevent  the  loss  of  nitrogeu  in  the  drainage  waters,  the 
iiitrat«B  being  stured  in  the  beet  instead  of  being  given  up  to  percola- 
tion. In  general,  it  may  l>e  said  that  it  is  the  quantity  of  the  drainage 
water  rather  tliau  its  richness  in  nitrates  which  determines  the  total 
loss  (!ue  to  |>ei'(;o]ntion,  and  from  this  it  may  be  inferred  that  tlie  loss 
by  drainage  is  <lirect1y  projtortional  to  the  rainfall  and  inversely  pro- 
portional to  the  magnitude  of  the  harvest.  The  season  at  which  tlie 
greatest  loss  bikes  gilai'e  is  also,  therefore,  the  one  in  which  tlie  growth 
of  the  plant  is  tlic  least  vigorous,  provided  that  the  vigor  of  nitrifica- 
tion and  quantity  of  rainfall  remain  the  same.  When  plants  gruv 
vigorously  and  when  they  oecupy  the  soil  for  a  long  time,  the  losses 
due  to  dmiimge  are  reduced  to  a  minimum.  On  the  other  hand,  with 
plants  wliicli  rapidly  rijH-ii,  so  that  the  harvest  follows  soon  after  the 
sowing,  the  losses  are  greater.  Tlte  farmer,  therefore,  who  snffers  a  fail- 
ure of  his  crop,  not  only  loses  fVom  the  smallness  of  the  harvest,  bat 
also  by  the  percolation  of  the  water  through  the  soil.  For  this  reason 
it  is  obvious  that  leaving  fields  fallow  is  a  very  dangerous  proceeding. 
Deherain  found  that  fallow  fields  during  the  season  lost  as  high  iis  50 
kilograms  of  nitrogen  i>er  hectare,  corresponding  to  330  kilograms  of 
nitrate  of  soda,  worth  76  francs.  These  figures  show  plainly  the  mag- 
nitude of  the  losses  which  take  place  in  the  one  item  of  nitrogen  alone, 
due  to  the  pen'olation  of  rain  water  through  the  soil. 

In  this  connection  it  may  be  of  interest  again  to  refer  to  the  favorable 
ai^tion  of  lime  in  a  great  many  soils  in  regard  to  its  power  of  increas- 
hig  tlio  ability  of  a  soil  to  hold  the  soluble  plant  foods  against  their 
rt'inoviil  by  water.  This  favorable  action  is  particularly  manifested  in 
niiHiy  soils  in  the  iH>wer  of  lime  to  increase  their  capacity  for  holding 
|H)laHli, 

Wiirliigtoii  exphkins  this  action  of  the  lime  salts,  especially  the  car- 
boniiti',  by  NUggcsting  that  by  combining  with  the  acids  of  certain  salts, 
..I  tiiii  oiLilwiiiiiii'M,  sulphates,  chlorides,  and  nitrates,  they  allow  the 
Its  to  unite  with  the  hydrated  metallic  oxides.  The 
iilso  converts  the  soluble  ncid  phosphates,  appUed  in 
•aiingly  soluble  caU-inm  phosphates,  which,  as  they 
ito  solution,  are  converted  into  ferric  and  aluminic 
iduiiriilth'  description  of  the  absorptive  power  of  soils 
WiiriuKton,'  and  many  other  authors  have  also  dis- 
indolnil. 
in  Ihe  duta  given  nl>ove  bow  water  continually  acts 
iTniiiviil  of  .■ertiiin  soluUle  plant  foods.  It  might  be 
I  that  nil  lU'tible  soils  CNiMseil  continnally  to  rains 
(luntiMl  of  tdl  valuable  soluble  plantfood.  But  it  has 
ml  how  corliiin  ctuistituents  of  the  soil  have  a  faculty 
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of  absorbing  aud  retaining  materials  which  are  Bolable  in  water  nnder 
orOiriary  couditious.  It  must  not  be  forgotten  also  that  tlie  rain  water 
which  descends  upon  the  earth  is  not  pare.  Rain  water  brings  to  the 
earth  a  certain  amount  of  valuable  plant  food.  Xot  only  does  it  absorb 
and  hold  in  solntdon  ammonia  and  nitric  acid,  which  may  be  formed  by 
the  electrical  discharges  in  the  air,  but  it  also  collects  aud  brings  to 
the  surface  of  the  earth  vast  quantities  of  meteoric  dust  containing 
valuable  fertilizing  principles.  Thus  we  have  constantly  entering  the 
soil  water  which  containR  more  or  less  of  the  materials  necessary  to 
plant  growth.  Even  the  drainage  waters,  which  leave  an  arable  field, 
may  not  reaoli  the  sea  witliout  giving  up  uinch  of  this  material.  The 
drainage  waters  in  passing  nndemeath  the  earth's  surface  take  devious 
courses  and  are  often  brought  near  to  the  surface  again  or  arc  poured 
upon  soils  which  are  quite  dilTerent  in  their  texture  from  those  fur- 
nishing the  materials  in  solution.  Sterry  Hunt'  hns  pointed  out  how 
•tsnch  waters  sooner  or  later  come  upon  pcrmeiible  strata  by  which  they 
are  absorbed  and  in  their  subterranean  circulation  undergo  impor- 
tant changes.  Especially  when  these  wati^rs  reach  nrgillaceous  strata 
their  content  of  neutral,  soluble  salts  may  sufi'er  great  changes.  Such 
waters,  charged  with  organic  and  mineral  materials,  contain,  usually, 
large  amounts  of  i>otassiuui  salts  and  notable  quantities  of  silica  and 
phosphates  and  in  many  cases  ammoniated  snlt«  and  nitrites  or  nitrates. 
The  experiments  of  Way,  Voelcker,  and  others  have  shown  that  in 
contact  with  argillaceous  sediments  these  waters  give  up  their  pottish, 
ammonia,  silica,  ]ihospliorie  acid,  iiud  organic  matter,  which  remain  in 
combination  with  the  soil ;  on  the  other  hand,  soila,  magnesia,  sulphuric 
a<nd,  and  chlorine  are  not  removed  from  the  drainage  waters.  Ki<rhora 
attributes  this  power  of  selective  absorption  in  the  soil  chiefly  to  the 
action  of  hydraied  double  aluminum  silicrates,  and  sup^Kises  that  the 
process  is  one  of  double  exchange,  equivalents  of  lime  or  soda  being 
given  upfortheiHitash  retainetl.  By  this  {tower  of  selective  absor|ition 
the  mineral  matters  required  for  the  growth  of  plants  tend  to  be  retained 
in  most  soils,  while  those  not  required  for  the  growth  of  plants  are 
removed.  Nevertheless,  much  of  the  valuable  mineral  material  in  solu- 
tion must  escape  absoi-ption  and  finally  find  its  way  into  the  streams, 
rivers,  and  seas. 

From  the  foregoing  summary  of  the  methods  of  waste  of  plant  food 
it  has  been  seen  that  in  spite  of  all  the  jtrecautions  of  the  farmer  and 
the  chemist,  and  in  sjiite  of  the  selective  absorption  of  the  soil,  immense 
quantities  of  valuable  plant  food  are  carried  into  the  sea,  where  appar- 
ently they  are  lost  to  agriculture  forever.  But  this  is  only  an  apparent 
loss.  The  economies  of  nature  are  so  liai)piiy  adjusted  as  to  provide  a 
means  of  gradually  returning  in  some  form  or  other  to  the  power  of  the 
farmer  the  plant  food  which  has  been  apparently  destroyed.  It  is  true 
that  this  return  will  probably  not  be  to  the  locality  where  the  waste 
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agricoltnral  value  of  certain  fucoids.  Many  cliemistB  have  contrib- 
ated  important  data  in  regard  to  the  composition  of  these  t>odies. 
Jenkins*  gives  analyses  of  several  varieties  of  seaweed,  showing  that 
in  the  green  state  it  is  quite  equal  to  stall  manure.  The  farmers  are 
Raid  to  pay  as  high  as  5  oents  a  bushel  for  it.  Goessmann'  also  gives 
analyses  of  several  varieties  of  seaweed.  We  are  indebted,  however, 
to  the  reports  of  Wheeler  aud  HartwelP  for  the  fullest  and  most  sys- 
tematic discussion  of  the  agricultural  value  of  seaweeds  which  has 
been  published.  Their  interesting  and  elaborate  report  vas  published 
in  Janaury,  1893.  Those  who  are  interested  iu  the  details  of  this  work 
can  find  all  known  publications  on  the  subject  properly  arranged,  clas- 
sified, and  studied  in  the  i)ubUcation  mentioned.  We  learu  from  this 
publication  that  seaweed  was  used  as  a  fertilizer  as  early  as  the  fourth 
century,  and  its  ioiportauce  for  this  purx>ose  has  been  recognized  more 
and  more  in  modern  days,  esjiecially  siuce  chemical  iiivostigatiouH 
have  shown  the  great  value  of  the  food  materials  contained  therein. 

To  show  the  commercial  imiwrtance  of  seaweed  as  a  fertilizer  it  is 
only  necessary  to  call  attention  to  the  fact  that  in  188j  its  value  for 
use  in  the  State  of  Rhode  Island  wus  $(i5,U44,  while  the  value  of  all 
other  commercial  fertilizers  was  only  $lti4,133.  While  seaweed,  in  a 
sense,  can  only  be  successfully  applied  to  littoral  agriculture,  yet  the 
extent  of  agricnltural  lands  bordering  on  the  sea  is  so  great  as  to  ren- 
der the  commercial  importauee  of  the  matter  of  the  highest  degree  of 
interest. 

It  is  not  my  iutentioD  here  to  enter  into  the  discussion  of  the  meth- 
ods of  preparing  the  seaweed,  the  times  at  which  it  should  bo  gath- 
ered, and  the  best  means  of  applying  it  to  the  soil.  These  matters  are 
all  thoroughly  discussed  by  Wheeler  and  Uartwell  in  the  publication 
mentioned.  As  an  instance  of  the  value  of  seaweed  at  a  point  far 
removed  from  the  Bbode  Island  coast,  I  may  be  permitted  to  say  that 
near  the  mouth  of  the  Caloosahatcbee  River,  at  the  town  of  Fort  Mey- 
ers, I  saw  the  most  happy  effects  produced  in  intensive  culture  by  the 
application  of  seaweed  alone  to  the  sandy  soils  bordering  on  this  arm 
of  the  sea.  Dr.  Washburn,  of  the  Florida  Experiment  Station,  was 
Gondncting  the  experiments  to  which  I  refer,  aud  he  siHike  in  the  high- 
est terms  of  the  value  of  the  seaweed  in  his  work.  Thousauds  of  tons 
of  this  seaweed  are  allowed  to  go  to  waste  iiiinually  along  these  shores, 
simply  because  the  agriculturist  has  not  been  informed  iu  regar4l  to  Its 
fertiliziog  value. 

There  are  many  other  uses  for  seaweed  besides  the  agricultural  one, 
bat  in  these  we  are  not  much  interested  except  iucideutally.  Many  of 
the  varieties  of  sea  grass  are  used  for  filling  mattresses,  cushions,  etc 
Other  varieties  are  burned  au<l  their  ashes  usi^d  for  the  manufacture 
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of  soda,  iodine,  aud  brouiiiie.  Tbo  gelatinous  portions  of  seaweeds 
become  exceediiigly  hanl  and  elastic  ui>oii  beiug  drieil,  aud  have  been 
moulded  iuto  various  forms  an  substitutes  for  bom  and  shells  in  making 
handles  for  knives,  files,  and  other  t^xds.  In  the  Techno-Cheutical 
Iteveipt  Book,  on  page  177,  may  be  ftmnd  receipts  for  making  artificial 
ebony  from  the  charcoal  obtained  from  seaweeds,  also  for  making 
leather,  soap,  aud  glue.  For  the  latter  pur]>ose  the  plauta  are  dried 
and  powdered,  extracted  vritli  warm  water,  with  or  without  tlie  addition 
of  alcohol.  The  solution  is  allowed  to  settle  at  a  temperature  of  120*^  P. 
Wlien  cool  it  foniis  a  jelly,  whicb  is  used  for  various  purposes.  The 
direction  is  then  given  for  making  transparent  seaweed  leather,  opaque 
seaweed  leather,  seaweed  soap,  and  seaweed  glue. 

Ko  attempt  cau  be  ma<le  to  give  tbe  quantities  of  seaweed  which  are 
aunually  cast  upon  the  shores  of  the  dilTerent  continents.  Perhaps 
Uhodo  Island  is  no  more  favored  in  this  respect  than  auy  other  locality, 
and  wo  have  seen  the  value  of  the  seaweed  whicb  was  gathered  for 
agricultural  imrjioses  iu  that  State  alone.  Tlie  amount  gatbered  rep- 
resents only  a  very  small  fraction  of  the  amount  which  was  tbrown 
uiK>n  the  sboi-es.  It  is  easy  therefore  to  conclude  that  the  quantities 
of  nitn>gen,  phosphoric  acid,  and  potash  annually  removed  from  the 
Heas  by  tlu^  plants  living  therein  are  no  less  great  io  magnitude  tbao 
tboHc  removt^l  fVom  the  hind  by  crops  and  plants  of  all  kinds. 

Hut  seaweed  aud  other  vegetiible  iirodncts  of  t)iu  sea  are  not  tbe 
indy  vehicles  iu  which  the  phmt  fowl  in  solution  in  the  waters  of  tbe 
tH'oan  may  be  returned  to  the  uses  of  man.  The  animal  life  of  the  ocean 
ifi  not  less  imi>ortatit  than  that  of  tlie  land.  In  the  animal  economy  of 
tlie  (K'Ciin  are  gatbered,  tlierefore,  immense  quantities  of  valuable  GkkI 
nialerial  which  are  tlius  pbu'etl  in  a  condition  to  be  at  least  in  part 
n'st^irotl  iu  tbo  form  of  foinl.  Itelati\-c1y,  phosphoric  acid  and  nitrogen 
iirt'  ri'stortHl  in  iiau-b  greater  quantities  than  {)otash.  The  a)nq>ositiou 
of  Hub  in  gi'iicral  sbows  that  relatively  larger  quantities  of  phosphoric 
iii'ld  iiml  iiiln>;:fii  ntv  found  than  of  fiit  and  potash.  The  chemical 
iiiiiipoxiliiih  of  tbe  nutritive  iHirtion  of  lishes  bits  been  thorougbty 
IlivrHlluiited  by  .Mwutor." 

Tbr  |H<n'i<ntaui'  "f  pliospboric  acid  in  the  desb  of  American  fishes  in 
It"  rii'->li  "I'll''  i"  iiltnit  one  lialf  of  1  per  cent.  In  one  instance,  tbatof 
nini'll .  A  t  vvitlvr  r»iiiid  t).S|  fx-r  cent  in  the  tlosh  of  the  fish.    In  tbe  water- 

hi'o  Mulmliii f  (be  Ib-wb  Ibe  (HTccntagi^  of  phospboric  acid  iu  round 

liiiml'i't  4  I"  ".'\  I II  t  lie  viise  of  (he  smelt,  iiUive  mentioueil,  it  amounted 
III  <i  II)  )>i'i'  I'i'iil.  ^^  lii'ii  i<  i^  oonsideixiltbat  tbe  bones  and  other  refuse 
III  lln>  (till,  pii>«iiniiilil\  iit'ber  ill  phosphoric  acid  than  the  Hesb,  were 
(till  liii'liiili'il  in  tliio  fiiM'oli)i^ilton.  tlie  quantity  of  phosphoric  acid  id 
ll.i|«  Uttiilliii'llv  biviiiiltl  to  \  lew. 
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The  quantity  of  albutaitioida  in  ttie  wiiter-freo  sitbataoce  of  tbe  Qesh 
of  fish  is  enormouBly  liigli  as  compared  with  that  of  ordinary  foods.  lu 
round  uumbersitinaybe  said  to  be  about  76i>er  cent  of  tlie  total  water- 
free  substance.  In  some  eases  the  albuniinona  matter,  or  in  otlier  words 
the  protein,  makes  np  almost  tUe  whole  of  the  water-free  substance,  as 
in  the  case  of  a  brook  trout,  quoted  by  Atwater,  in  which  the  percent- 
age of  protein  in  tbe  dry  tiesli  was  93.2.'i ;  smd  of  a  [wrch,  in  which  it 
uas  93.33;  and  of  a  sea  bass,  in  which  it  was  O0.88;  and  a  red  snapper, 
in  which  it  was  95.38,  and  others  iu  which  oven  a  higher  percentage 
was  rei»ort«d. 

It  is  thus  seen  that  the  ordinary  fishes  of  the  ocean  collect  especially 
the  two  great  elements  of  plaut  tbod,  phosphorus  and  nitrogeu. 

Oystei's  and  other  shellfishes  collect  not  only  large  quantities  of 
phosphorus  and  nitrogeu,  but  also  larger  quantities  of  carbonate  of 
lime.  As  has  been  intimated  iu  another  place,  it  is  etitirely  probable 
that  iu  earlier  times,  when  tbe  sea  was  richer  in  ]>bosphonc  itcid  than 
at  present,  considerable  quantities  of  phosphate  of  lime  may  have  been 
secreted  with  the  carbonate  of  lime  in  the  sbell.  At  tbe  present  time, 
however,  tbe  phosphate  of  lime  bas  almost  or  (juite  disappeared  from 
the  matters  of  which  shells  are  couq)o»ed. 

While  the  art  of  fishing  is  practiced  chletly  for  the  puri>ose  of  galuing 
human  food,  yet  in  many  large  flsbiiig  districts  the  fi^ih  waste  becomes 
valnable  fertilizing  material.  Some  kinds  of  fish,  as  tbe  menhaden,  are, 
however,  collected  chiefly  for  their  fertilizing  value.  The  use  of  fish 
for  fertilizing  pur]>oses  is  not  new.  A  most  interesting  description  of 
tbe  use  of  agricultural  fertilizers  by  the  American  ludiaus  is  giveu  by 
Goode.'  As  long  ago  as  1875  the  vahie  of  the  nitrogen  derived  from  the 
menhaden  was  estimated  to  be  about  $2,000,<)00.  In  the  year  1878  it  is 
estimated  that  200,000  tons  of  menbadeu  were  captured  between  Gape 
Henry  and  the  Bay  of  Fundy.  Theoilis  tirst  extractetl  from  the  fish  for 
commercial  purposes  and  afterward  the  residue  is  dried  and  ground  and 
sold  to  farmers  and  fertilizer  manufacturers.  For  a  com|iletc  history 
of  the  menhaden  the  articles  of  Prof.  G.  Brown  tioode  in  the  Report  of 
the  United  States  Commissioner  of  Fish  and  Fisheries  for  1877  and  1879 
may  be  consulted. 

The  honor  of  teaching  tbe  American  colonists  the  use  of  artificial 
fertilizers  belongs,  without  doubt,  to  .an  Indian  named  Kqnanto,  In 
Governor  Bradford's  History  of  I'limouth  Plantation  is  given  an 
account  of  the  early  agricultural  experiences  of  the  Plymouth  colo- 
uists.  Id  April,  1621,  at  theeloseuf  the  first  long,  dreary  winter,  "tbey 
(OS  many  as  were  able)  began  to  plant  their  corne,  in  which  service 
Sqoaoto  (an  Indian)  stood  them  in  great  stead,  showing  them  both  ye 
manner  bow  to  set  it,  and  after  how  to  dress  and  tend  it.  Alsohetould 
them,  axcepte  they  got  fish  and  set  with  it  (in  those  old  grounds)  it 
would  come  to  nothing;  and  he  showed  them  yt  iu  ye  middle  of  Aprili, 
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AB«>:l>tir  AriviLL'T  Mtu-Diaed  br  G«i<dr  ot  tbe  practice  of  the  ludiaos 
ill  ilit^  iv-<it(«t  au>.i  :w  kicn'i  in  1>«<m^  Uuort's  Reliition  or  JoarDal 
ti  Titt  l;<-riiiiin^  uic  I'Twwtniu.ci^  mt  the  Ea^eh  PUnUtioD  Settled  at 
rit»«G:i  :b  Nfv  Ejuiimtd.  brCoiaia  EIl^^h  Ailreotorera,  both  Met- 
<'Lui7>  M>^  t>:btfrs.Loiio-<iL  Ifiii  -WV««-nb<flast«priug some  twenty 
^TrsiJlii^iMi.  (vcv-kiid  si<««d*^ie  ax  ao«e(tf  barley  aud  peaHe,aiiil, 
a(viir^.ii£  ]-.'  tb«  iiixj.iMr  «•:  tb^  UhIuiis.  w«  Banared  oar  grouud  vitb 
W-rr::  j;:^  .«:  ni:inir  tA»-I:^  wL,«L  w»  tavf  iu  •n«at  abondance  and  take 
»:;t  mrja  <(k^  m  obt  oo^^k.  <»ar  twra  did  prore  well,  and  God  be 
^•ri^>^!.  'w-f  Lad  a  i.'.o'd  ::k4«*m-  i>f  I^diAu  corn,  and  our  barley  iudif- 

r;.-.>^«s  Ni.irrc:..  :ti  1:>  Xc-t  £'.i:'.a:.'d  Canaan.  LootloD,  1632,  wrote 
»^  V:t^.i.:ui:  —  Titnf  j>  ji  tsk  i>v  snaj*  i^jmI  shadds,  by  aome,  allizes,) 
i\.M  »t  lirf-  s;t:.j:  ^k  ii.f  yr^re  ]«f'>«  sp  iLe  rivers  t«  spawn  iu  tlie 
laif-.ti.  d:.-o  arv  ta^i-i.  :..  >^^  ii  ^a^iin^Jrs  in  errry  river  that  bath  a  iiood 
a:  :;,r  *:.,i  ::,ji  ii.r  ::--  j'r-  tj;,;s  .;-..2:.j:  tlieir  gnmod  with  them.  You 
nxjv  $i:t-  :a  ('■r.r  :<>«:.>_:p  a  t^isorrd  ariws  to£:eiber.  set  with  these  Ash, 
rverx  aon-  :uk;:.^  \,\^v  >-f  ihrs^  aini  an  aere  tbu-s  dressed  will  produce 
a:  J  y;»l.i  s*i  ::.n.  b  o-«ia  as  ilr**  »«res  without  fish;  and  (least  any 
V:r£i:;t-a  KiJia  wi*!;".J  :=:^:*-  h<-iv=}>i'G  iLjt  the  groand  of  Xew  England 
w.*s  iMrrvn.  l««-,>u*e  lley  t^  reiTt  fish  in  setting  their  corne,  I  desire 
iheiu  to  l»e  nrni  a.lK  rxxi.  :be  <-aase  is  plaine  in  Virginea)  they  have  it 
not  b»  st-ti.  r>:;:  this  {hrm;:oe  is  ititrly  for  the  Indian  maize  {which 
must  be  s«-i  by  h.utds  .  ^o;  for  Ki:^'.:>h  jmin;  and  this  is,  therefore,  a 
tvm;i!(Hiitj'  tht-re," 

The  fi'llow:!:^  aii.u-:-.:!:  sni.iy  tiuv>itrd  by  IHtode  is  taken  from  the 
rvi-ords  of  (be  town  of  lpsn:oh.  Mity  11. 1644:  "It  is  ordered  that  all 
the  di>^i;s  for  the  s|»»ce  of  tfcrve  we*ks  from  the  pablishing  hereof, 
sbiill  h;tve  one  le^g  tvt^  a\v.  Aud  if  siu-b  a  ()•■;:  shall  t»eak  loose  and  be 
found  iloiiit:  harm  the  owuer  of  the  dojrR  shall  pay  damage.  If  a  man 
refuse  to  tye  up  his  d.'i:^-'s  It-;:?,  and  bee  brt  tonnd  scraping  up  fisb  in 
a  corniiekl.  the  owner  (hereof  ^hall  |Kiy  twelve  |>ence  damaife  beside 
whatever  diiiniiL;*'  ilie  do^^doih.  ISut  if  any  fish  their  honse  lottsand 
receive  dama;:e  by  iioj:ips  the  owners  of  these  house  lotts  shall  bear  the 
duiua<;e  themselves," 

The  pr.u-tice  uf  using  tisli.  therefore,  for  fertilizing  purposes  is  many 
centuries  old,  but  until  recent  years  ttic  farmers  residing  along  the 
coiist  were  the  only  ones  who  receive*!  any  beiielit  therefrom;  but  since 
thu  more  careful  scientific  study  of  the  value  of  hsh  fertilization,  the 
uitrogeuons  elements  t^ikeu  from  the  sea  by  the  fish  now  find  their  way 
not  only  to  the  gardens  and  trmk  farms  along  tbe  ^ew  England  and 
New  Jersey  coasts  but  also  to  the  wheat  llelds  of  t>hio  and  the  cotton 
fields  of  Xorth  Carolina. 

'Coll.  Miuw.  Hist,  Soc.,  4th  Beries,  Xo.H.  IS.'*,  page  100. 
'Coll.  Muw.  HUt.  Soc,  :Jd  iH>TieH,  Ku.il.  IKtL',  paiFe  60.  i 
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COIfSEBVATION  OP  MITBOaEN. 

Attention  bas  been  called  to  the  manner  in  vliich  tbe  nitrogen  car- 
ried into  the  ocean  by  the  waste  of  tbe  laud  is  returned  in  great  part 
tbrongh  tbe  marine,  vegetable,  and  animal  life.  Immense  qaantitiea 
of  waste  nitrogen,  however,  are  farther  secured,  both  from  sea  and 
land,  by  tbe  various  genera  of  birds.  The  well-known  habits  of  birds 
in  congregating  in  rookeries  during  the  nights,  and  at  certain  seasons 
of  the  year,  tends  to  bring  into  a  common  receptacle  the  nitrogenous 
matters  which  they  have  gnthered  and  which  are  deposited  in  their 
excrement  and  in  the  decay  of  their  bodies.  The  feathers  of  birds  are 
particularly  rich  in  nitrogen,  and  the  nitrogenoas  content  of  the  flesh 
of  fowls  is  also  high.  The  decay,  therefore,  of  remains  of  birds, 
especially  if  it  take  place  largely  excladed  from  the  leaching  of  water, 
tends  to  accumulate  vast  deposits  of  nitrogenous  matter.  If  the  con- 
ditions in  such  deposits  are  favorable  to  tbe  processes  of  nitrification 
the  whole  of  the  nitrogen,  or  at  least  tbe  larger  part  of  it,  which  bas 
been  collected  in  this  debris,  becomes  finally  converted  into  nitric  acid 
and  is  found  combined  with  appropriate  bases  as  deposits  of  nitrates. 
The  nitrates  of  the  guano  deposits  and  of  the  deposits  in  caves  arise 
in  this  way.  If  these  deposits  are  sabject  to  moderate  leaching  the 
nitrate  may  become  infiltered  into  the  surrounding  soil,  making  it  very 
rich  in  this  form  of  nitrogen.  The  beds  and  surrounding  soils  of  caves 
are  often  found  highly  impregnated  with  nitrates. 

While  for  onr  purpose  deposits  of  nitrates  only  are  to  be  considered 
which  are  of  sufficient  value  to  bear  transportation,  yet  much  interest 
attaches  to  tbe  formation  of  nitrates  in  the  soil,  even  when  they  are 
not  of  commercial  importance. 

In  many  soils  of  tropical  regions  not  subject  to  heavy  rainfalls  the 
accnmnlation  of  these  nitrates  is  very  great.  Miintz  and  Marcano' 
have  investigated  many  of  these  soils  to  which  attention  was  called 
first  by  Humboldt  and  Boassingault.  They  state  that  these  soils  are 
Incomparably  more  rich  in  nitrates  than  the  moat  fertile  soils  of  Europe. 
The  samples  which  they  examined  were  collected  from  different  parts 
of  Yeneznela  and  from  the  valleys  of  the  Orinoco  as  well  as  on  the 
Bbore  of  tbe  Sea  of  Antilles.  The  nitrated  soils  are  very  abundant  in 
this  region  of  South  America,  where  they  cover  large  surfaces.  Their 
composition  is  variable,  but  in  all  of  them  carbonate  and  phosphate  of 
lime  are  met  with  and  organic  nitrogenous  material.  The  nitric  acirl  is 
found  always  combined  with  lime.  In  some  of  tlie  soils  as  high  as  30 
per  cent  of  nitrate  of  lime  has  been  found.  Nitrification  of  organic 
material  takes  place  very  rapidly  the  year  round  in  this  tropical  region. 
These  nitrated  soils  are  everywhere  abundant  around  caves,as  described 
Iqr  Humboldt,  caves  which  serve  as  the  refuge  of  birds  and  bats.    The 

>Compt.  Bimil.,  toi,  1885,  page  <S  Bt  B«q. 
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uitn>«:«H>u$  nutit-rs  vLk-b  cumefrom  tbe  decay  of  the  remaiusof  these 
»niiiia]a  ftwai  iiuv  dt^jMsiis nf  ^ntaoo,  which  are gradasUf  spread  aroancl, 
and  which,  iii  cuntat-t  with  (be  Umestooe  and  with  access  of  air,  saSier 
cwui|)l«Ke  nitrlfii-aiioD  with  the  fisation  of  the  nitric  acid  by  the  lime. 

Lar^  quantities  of  this  gnaiio  are  also  doe  to  the  debris  of  iDsectu, 
fni^nueuts  of  ehttu.  st-ales  of  the  wiugs  of  butterflies,  etc,  which  are 
biTNi^ht  to}r<^:her  in  <b(i«e  [ilwes  by  the  miUtous  of  cubic  meters.  Tbe 
iiiirilii-ution  whith  t;ike:s  place  in  the$ie  de|M>sits  has  been  found  to 
exteud  its  imnlutts  to  a  di:itaD»'e  of  several  kflometers  through  the  soil. 
lu  sotue  pHitv^  ihequjiitiiyuf  the  nitrate  of  lime  is  eo  great  in  the  soils 
that  tliey  are  converted  iuio  a  plastie  paste  by  this  deliquescent  salt. 

It  is  su^iresttil  by  the  authors  that  the  coexistence  of  the  nitrate  and 
phosphate  of  lime  is  snflicieut  in  all  cases  to  demonstnite  the  organic 
origin  of  the  nicnc  acid.  It  would  not  be  possible  to  attribute  such 
an  origiu  to  the  nitnite  present  in  these  soils  if  it  could  not  be  deter- 
mined  that  it  \ras  thus  asstH'iated  with  i>bospliate  and  other  remains, 
the  hkst  witnesses  oi  a  former  animal  life. 

As  a  resiilt  of  tl:e  obserxations  of  Miintz  and  Marcauo,  they  conclude 
that  it  is  not  prvii>er  to  accredit  to  the  electrio)!  discharges  in  the  atmos- 
phere the  ori^n  of  the  nitric  ueid  forming  these  deposits,  although  they 
admit  priuiiirily  the  source  of  tbe  nitric  acid  may  have  been  due  to  elec- 
tricity, but  that  il  liriit  was  {kassed  through  the  organism  of  the  plaat 
and  tlieiR-4^  iiiio  that  of  thii  animal,  whence  it  is  accumulated  iu  tbe 
de|H>stis  referre*l  to. 

The  tlit-ory  of  Miintz  and  Marvaiio  in  regard  to  the  nitrates  of  soils, 
especially  in  the  neigbborhood  of  cjives,  is  probably  a  correct  one,  bat 
there  are  many  objeetlotis  to  aixvpting  it  to  explain  the  great  deposits 
of  nitrate  of  stulu  which  occur  iu  many  parts  of  Chile.  Another  point 
which  must  be  cousiden-il  also  is  this;  That  the  processes  of  nitrifica- 
tion can  not  now  be  t.-ousidere4.1  as  going  on  with  tbe  same  vigor  as  for- 
merly. Some  moisture  is  net-essaiy  to  uitrilication,  as  the  nitrifying 
ferment  does  not  act  iu  |>erfectly  dry  soil,  and  iu  mauy  localities  in 
Chile  where  the  nitrates  are  found  it  is  too  dry  to  suppose  that  any 
active  nitritii-atioii  could  uow  take  place. 

The  csisteuce  of  these  nitnite  dejiosits  has  long  been  known.'  The 
old  Indian  laws  originally  prohibited  tbe  eolWtioii  of  tbe  salt,  but  nev- 
ertheless it  was  secretly  collected  :uid  sold.  Up  to  tbe  year  18il  soda 
saltiieter  was  not  known  iu  b^uropu  except  as  a  laboratory  product. 
About  this  time  the  natunilist  Mariano  de  Eiveit)  found  on  the  Pacific 
Coast,  iu  the  proWnce  of  Tiirapaca,  immense  new  dei>osits  of  tbe  salt. 
Later  tbe  salt  was  touu<]  in  equal  abundance  in  the  Territory  of  Anto- 
(kgitsta  and  farther  to  the  south  iu  tbe  desert  of  Atacama,  which  forms 
the  Department  of  Tultal. 

'  A  moet  idteroBtiui;  artirlc  ou  thu  saliject  may  b«  Ibuml  in  Jour.  Koj.  Agric.  !f<ie., 
1852,  Vol.  13,  page  ^9  et  a«q. 
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At  the  present  time  the  collection  and  export  of  Baltpeter  from  Chile 
is  a  basioess  of  great  imiiortaiice.  The  largest  export  which  has  ever 
taken  place  in  one  year  was  in  181K>,  wfaeu  the  amount  exported  was 
927,290,430  kilograms;  o(  this  quantity  e4l',506,9S5  kilograms  were  sent 
to  England  and  86,124,870  kilograus  to  the  United  States.  Since 
that  time  the  imports  of  this  suit  into  the  United  States  have  largely 
increased, 

According  to  Pissis'  these  deposits  are  of  very  ancient  origin.  This 
geologist  is  of  the  opinion  that  the  nitrate  deposits  are  the  result  of  the 
decomposition  of  feldspathicrocks;  the  bases  thus  xiru<lueed  gradually 
becoming  uniterl  with  the  nitric  acid  provided  from  the  air. 

According  to  the  theory  of  Ncillner^  the  deposits  are  of  mora  modern 
origin  and  due  to  the  decomiiosition  of  marine  vegetation.  Continuous 
solution  of  soils  beneath  the  sea  gives  rise  to  the  formatiou  of  great 
lakes  of  saturated  wat^^r,  in  which  occurs  the  development  of  much 
marine  vegetatioti.  On  the  evajioration  of  this  water,  due  to  geologic 
isolation,  the  decomposition  of  nitrogenous  organic  matter  causes  gen- 
eration of  nitric  acid,  which,  coming  in  contact  with  the  calcareous 
rocks,  attacks  them,  forming  nitrate  of  calcium,  which,  in  presence  of 
sulphate  of  80<Iium,  gives  rise  to  a  double  decomposition  into  nitrate  of 
soda  and  sulphate  of  calcium. 

The  fact  that  iodine  is  found  in  greater  or  less  quantity  in  Chile  salt- 
peter is  one  of  the  chief  supjiorts  of  this  hypothesis  of  marine  origin, 
inasmuch  as  iodine  is  always  found  in  sea  plants  and  not  in  terrestrial 
plants.  Further  than  this,  it  must  lie  taken  into  cousideratiou  that 
these  deposits  of  nitrate  of  soda  contain  neither  shells  nor  fossils,  nor 
do  they  contain  any  phosphate  of  lime.  ■  The  tlieory,  therefore,  that 
they  were  due  to  animal  origin  is  scarcely  tenable. 

Lately  extensive  nitrate  deiKisits  have  been  discovere<l  in  the  United 
States  of  Colombia.*  These  dei>i)sit.s  have  been  found  extending  over 
30  square  mile-s  and  vary  in  thickness  from  1  to  10  feet.  The  visible 
supply  IS  estimated  at  7,372,800,000  tons,  containing  from  1  to  13.5 
per  cent  of  nitrate.  The  deposits  consist  of  a  mixture  of  nitrate  of 
soda,  chloride  of  smia,  sulphate  of  calcium,  sulphate  of  altimina,  and 
insoluble  silica.  It  is  thought  that  the  amount  of  these  deposits  will 
almost  eqnal  those  in  Chile  and  Peru. 

I'HOSPHATIO   DEPOSITS. 

Gaiitier'  calls  attention  to  the  fact  that  the  oldest  phosphates  are 
met  with  in  the  igneous  rocks,  such  as  basalt,  trachyte,  etc.,  and  even 
in  granite  and  gneiiis.  It  is  from  these  inorganic  sources,  therefore, 
that  all  phosphatic  plant  food  must  have  been  drawn.     In  the  second 

'Pncbs  and  De  I.aiiny.    Truit^  de»  Giles  MineTani,  1893,  Vo).  I,  page  425. 
<  El  Salitrede  Chile,  lloni^  F.  Lo  Keiivre  y  Artiiro  Da^ino,  IW«,  page  12. 
'fiarena  of  Americnn  Rep nli lira,  Monthly  Bollatii),  Deoembet.  Ili93,  pag«  18  eteeq. 
^Compt.  Uoad.,  116,  pages  liTl,  & 
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a  considerable  height,  the  process  of  denndatioti  by  the  action  of  water 
commenced.  Then  there  waa  a  sabsidence,  and  the  peninsola  again 
passed  under  the  sea  and  was  covered  with  snccessive  layers  of  sand. 
The  limestones  daring  this  process  had  been  leached  by  rain  water, 
containing  an  excess  of  carbonic  acid.  In  this  way  the  limestones 
were  gradnally  dissolved,  while  the  insoluble  phosphate  of  lime  was 
left  in  suspension.  Daring  this  time  the  boues  of  the  animals  before 
mentioned,  by  their  decomposition,  added  to  the  phosphate  of  lime 
present  in  the  nnderlying  strata,  while  some  were  transformed  into 
fossils  of  phosphate  of  lime,  jast  aa  they  are  found  to-day  iu  vast 
quantities. 

Wyatt '  explains  the  phosphate  deposits  somewhat  differently.  Ac- 
cording to  him,  during  the  Miocene  submergence  there  was  deposited 
upon  the  Upper  Eocene  limestones,  more  especially  in  the  cracks  and 
fissures  resulting  from  their  drying  up,  a  soft,  finely  disintegrated  cal- 
careous sediment  or  mud.  The  estaaries  formed  during  this  period 
were  swarming  with  animal  and  vegetable  life,  and  from  this  organic 
life  the  phosphates  were  formed  by  decomposition  and  metamorpbism 
due  to  the  gases  and  acids  with  which  the  waters  were  charged. 

After  the  disappearance  of  the  Miocene  sea  there  were  great  distnrb- 
ances  of  the  strata.  Then  followed  the  Pliocene  and  Tertiary  periods 
and  Qnateruary  seas  with  their  deposits  and  drifts  of  shells,  sands, 
clays,  marls,  bowlders  and  other  transported  materials,  supervening  in 
an  era  when  there  were  great  fluctuations  of  cold  and  beat. 

By  reason  of  these  disturbances  the  masses  of  the  phosphate  deposits 
which  bad  been  infiltrated  in  the  limestones  became  broken  up  and 
mingled  with  the  other  debris  aud  were  thus  deposited  iu  various 
mounds  or  depressions.  The  general  result  of  the  forces  which  have 
been  briefly  outlined  was  the  formation  of  bowlders,  phosphatic  debris, 
etc    Wyatt  therefore  classifies  the  deposits  as  follows: 

(1)  Original  pockets  or  cavities  in  the  limestone  filled  with  hard  and 
soft  rock  phosphates  and  debris. 

(2)  Monnds  or  beaches,  rolled  np  on  the  elevated  poiuts,  and  chiefiy 
constMtiug  of  huge  bowlders  of  phosphate  rock. 

(3)  Drift  or  disintegrated  rock,  coveriug  immense  areas,  chiefly  in 
Polk  aud  Hillsboro  counties,  and  underlying  Peace  Blver  and  its  tribu- 
taries. 

N.  H.  Darton,  of  the  United  States  Geological  Survey,  ascribes  the 
phosphate  beds  of  Florida  to  the  transformation  of  gaano.'  According 
to  this  author  two  processes  of  decomposition  have  taken  place^one  of 
these  is  the  more  or  ]e»s  complete  replacement  of  the  carbonate  by  the 
phosphate  of  lime;  the  other  is  a  general  stalactitic  coating  of  phos- 
phatic material.  Darton  fbrtber  calls  attention  to  the  relation  of  the 
distribution  of  the  phosphate  deposits  as  affecting  the  theory  of  their 

I  BnglueeriDg  aad  Mining  JodtdbI,  AagDHt23,  1890. 
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orifnO'  but  does  not  find  any  pe«nliar  significance  in  tbe  restriction 
or  theiv  deposits  to  the  wcstcm  ridge  of  the  Florida  Peninsula. 

As  this  re^rion  e^ndeutly  constitated  a  long,  narrow  peninstUa  daring 
CATly  Miocene  times  it  is  a  reasonable  tentative  hypothesis  that  dar- 
ing tliis  iteriml  patios  were  deposited  from  which  was  derived  the 
material  for  the  phospbatizatioii  of  the  limestone  either  at  tbe  same 
time  or  soon  after. 

Darton  closes  his  paper  by  saying  that  the  phosphate  deposits  in 
Florida  will  require  careful,  detailett  geologic  exploration  before  their 
relitlions  and  history  will  be  fnlly  anderstood. 

Ac<.H>nling  to  Dr.  y.  A.  IVatt  the  nxk  or  bowlder  phosphate  had  its 
imnteiliute  origin  iu  animal  life,  and  tbe  phosphate  bowlder  is  a  tme 
fos^l.  lie  snpiHkses  the  existence  of  some  8|>ecie8  iu  former  times  in 
which  the  shell  exi'r\'ted  was  chiefly  phosphate  of  lime.  The  fossil  bowl- 
der tlten'for^  iHH'onics  the  remains  of  a  huge  foraminifer  which  bad 
ideuticiil  wniiw»sition  iu  its  skeleton  with  tme  bone  deposits  or  of 
organic  mutter. 

IN'ilia|is  the  most  complete  eiixvsition  of  the  theory  of  the  recovery 
of  waste  phivi|ibates.  with  esitofial  reference  to  their  deposition  in 
Florida,  has  Ihh'ii  given  by  Kldriiige,'  tif  the  United  States  Geological 
Survey.  Kldridg^'  calls  attciitioti  to  the  universal  presence  of  phos- 
phativ-i  in  scjt  water  and  to  ilic  pntluiUilily  that  iu  earlier  times,  as  during 
the  Mi«n>'iie  i»nd  Ko<-enc  g<Hil"^ic  jteritMls.  the  waters  of  tbe  ocean  con- 
tiiiiietl  a  gn'Dt  ile^il  more  pluv^pbate  in  solution  than  at  the  present  time. 
Hecii*'.-*  tbe  observ;it:on,s<if  Iliscliof.  which  show  the  solubility  of  dif- 
feivnt  phivs|iti:»t('s  ill  witters  s;it(ir:it«l  with  carbon  dioxide.  According 
to  tb<\40  olis4'rv;)tioiis  ai^tile  is  the  m<^t  iiiS4tluble  torm  of  lime  phos- 
phate, while  artificial  Iwsic  sliij;  pb<,v«pbaie  is  the  most  soluble.  Among 
the  Y^-ry  si'lubU-  pluv^phattvs  however,  are  the  Ixmes  of  animals,  both 
I'^vsh  and  old.  Kurnt  U'lies,  however,  are  more  soluble  than  bones 
still  iHtii<aintii>r  oi'pkiiio  uuttter.  Xot  only  are  the  organic  phosphates 
extivnicly  s*'hil>lo  in  water  s;it»int:ctl  with  i-iirbon  dioxide  bat  alao  iu 
water  wtiicb  iMiitains  <\>'.iinu>n  s^t!<  or  chloride  of  amiioninm.  Tbe  pree- 
euce  of  lar^re  nu.iiuincs  of  ii^nmuni  salt  in  .ses»  wsUer  voold.  ther^ore, 
tend  to  iiu-rx\->s«'  its  (mwcr  of  a!vs<*rl>;;ig  lime  pluksphates  of  organic 
origin.  It  is  not  at  all  inv-nHliMe,  ilnnfon*.  to  suppose  Oiat  at  some 
r»'nn>te  ihtIihI  the  waters  of  tl;e  *xv,»;!.  as  indicated  by  these  theories, 
w»>iv  much  iiior^'  bii:UI,v  ^■ba^:.^Hl  «i:h  pliosp&atcs  than  at  the  present 
tiu)t>. 

.\civnlin':  to  KMridii^'.  tbe  fi>r«i,»r;on  of  the  hanl  rock  Mid  soft 
ptiosphaies  m,>y  tv  as(rilHHi  t<'  thive  i-i'viixis;  First,  that  iu  which  tbe 
primary  twk  w-.is  forytrtl:  stxvrd.  that  of  secniidary  de)msitioa  in  the 
cavities  of  the  prim-u-y  rvx-t:  tliirxi.  iha;  iu  wliich  the  deposits  thus 
tVnim'il  were  broken  np  av.d  the  rvs;;(;:;;;;  tV,ignieu:s  and  eouminated 
matei'i.il  were  rv>leiK*sUe»l  as  tht-y  u,iw  iH-tur, 

'A  l*Tv'i'"ii4r>   Skplfh  of  th,-  !*,«■■'  ;t, 
'hMK  t<UiiK<M.  ISe.  (tan*  IS *»  *>•*{- 
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*'Tli«  flrat  of  these  stages  began  probably  not  later  tliiin  the  clone  of 
the  older  Miocetif,  and  within  the  Koceiio  area  it  may  have  beguu  much 
earlier.  Whether  the  primary  phosphate  resulted  from  a  superflcial 
tiiid  heavy  deposit  of  soluble  guanos,  covering  the  limestones,  or  from 
tlie  coucentration  of  phosphate  of  lime  already  widely  and  niiiformly 
distributed  throughout  the  mass  of  the  original  ro<;k,  or  from  bnth,  is 
ii  dillicult  question.  In  any  event,  the  evidence  indicates  the  effect  of 
the  percohition  of  surface  waters,  highly  chargeil  with  carbonic  and 
cai-tli  acide,  and  thus  enabled  to  carry  down  into  the  mass  of  the  lime- 
stone dissolved  phosphate  of  lime,  to  be  redeposited  under  conditions 
fi»\orable  to  its  st^paration.  Such  cronditions  niiglit  have  been  brought 
alKtnt  by  the  simple  interchange  of  biise-s  between  the  phosphate  and 
carbonate  of  lime  thus  brought  together,  or  by  the  lowcTiiig  of  the 
solvent  power  of  the  waters  througli  loss  of  carbonic  acid.  The  latter 
would  happen  whenever  Ihe  tu'id  was  rei)uirtfl  for  the  solution  of 
a<lditional  carbonate  of  lime,  or  when,  through  aeration,  it  should  escape 
from  the  water.  The  zone  of  phosphate  dei>osition  was  evidently  one 
of  double  concentration,  resulting  from  the  removal  of  the  soluble  car- 
l>oni)te  thus  raising  the  percentage  of  the  less  soluble  phosphate,  and 
from  the  acquirement  of  additional  phosphate  of  lime  from  the  over- 
lying portions  of  the  deposit. 

"The  thickness  of  the  zone  of  phosphatization  in  the  Eocene  area  is 
unknown,  Imt  it  is  doubtful  if  itwas  over  liO  feet.  In  the  Miocene  area 
the  depth  has  been  proved  fn»m  the  phosphates  in  situ  to  have  been 
between  0  and  12  feet." 

The  deposits  of  the  secondary  origin,  acconling  to  Khiridge,  aredne 
chiefly  to  sedimentiition,  although  some  of  them  may  have  been  due  to 
precipitation  from  water.'  This  secondary  de|io8itinii  was  kept  up  fora 
1<iug  period,  until  stopped  by  some  climatic  or  geologic  change.  The 
dojiosits  of  pho.-4phateR  thus  formed  in  the  Florida  peninsula  are 
remarkably  ftee  from  iroTi  and  aluminum,  in  comparison  with  many 
of  the  phosphates  of  the  West  Indies. 

The  thini  period  in  the  genesis  of  the  hanl-rock  deiiosita  embraces 
the  period  of  formation  of  the  original  deposits  and  their  transporta- 
tion and  storage  as  they  are  found  at  the  present  time.  The  geologic 
time  at  which  this  occurred  is  somewhat  nncertain,  but  it  was  probably 
during  the  last  .submergence  of  the  peninsula. 

In  all  cases  the  peculiar  formation  of  the  Florida  limestone  must  be 
considered.  This  limestone  is  extremely  iwmns  and,  therefore,  easily 
peuetrated  by  the  waters  of  percolation.  A  good  illustration  of  this  is 
seen  on  the  southwestern  and  simthern  edges  of  Lake  Okeechobee.  In 
following  down  adrainagc  canal  which  ha4l  Wen  cut  into  the  southwest 
shore  of  the  lake  I  saw  the  edge  of  the  basin,  which  is  composed  of 
this  poroos  material.  The  appearance  of  the  limestone  would  indicate 
that  large  jwrtions  of  it  bad  already  given  way  to  the  process  of  solu- 
tion. The  remaining  portions  were  extremely  friablci  easily  crushed, 
and  mncb  of  it  (wuhl  be  removed  by  the  ordinary  dredging  machines. 
Sach  a  limestone  as  this  is  peculiarly  suited  to  the  accumulation  of 
phosphatic  materiala,  doe  to  the  percolation  of  the  water  containing 
them.    T^'•  solution  of  the  limestone  and  consequent  deposit  of  the 
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GkiSo,  ae  <nHihv:  Inr  Elldnda  a  IW  wwt  afacadj-  nioTed  to,  refers 
tb  tkoM  ckuav.%i3itiae  id  tLe  LaeSKOC  j^d  «rs  tkat  the  best  conditions 
te- tte  M«iiBiiiL>tMKi  «f  Tkhiaj4t  4tg«£n«  «f  liBcpfaoepfaatein  residnal 
df^SK  >f<T*BV  ^'  <Kviir  'vWre  1^  ^totftaox  li«e  auis  are  of  a  rather 
tnft  «ltara<i<«-:  Tbe  M^iaraJd-  bed*'  liarhif  bo  $sck  solidity  as  win  resist 
i^  fKoxioliitioii  of  wxus  liiTxntfii  hjiUDcniHe  uctpienl  joints  sncb  as 
eottiu«m]y  iwmtof  htuHk^  m»aavO&.  tfviM  wken  ihef  are  of  a  vei; 
wiA  nazcne. 

Etdridpe  i^  aliw  (tf  tbe  '-jiiuHO  iltat  tbe  iiMiiiiii  of  birds  are  not 
mfN-MiLl  »'  anyiai.t  i^ir  tbe  «-bi>)e  (rf'  tte  [ibo^>liatic  deposits  io  Florida. 
U«'  aMT^lies  iLem  To  ibe  .-i'^iut  acbon  of  tbe  iiMiiiiii  of  tKtds,  of  land 
and  znar-lire  ai-nuis,  aifd  to  tbf  df]•(•^aIM«l  of  Hw  fAosfriiatic  materials 
ii:  lite  -wxtin-  :ii  Uie  s:a(«eas:t«-  fvbsadences  of  the  snt&ee  below  Oie 
waitr  !;:«-■ 

POTASH  DEPOSITS. 

In  the  f.irftir-.::.;:  p^^:^*  I  Lavetriwi  i^  set  cleartjr  before  yon  the  dif- 
^rei.l  wjty$  in  «i.;>li  tire  wa.v:«-  of  ciirt'^n  aod  pbospboric  acid  has 
Seen  rro>-v<T><d  !'y  r.aTcre  in  a  iorm  soitabk-  for  restoration  to  arable 
6<-j.1s.  I:.  ••\.i:  <-AjK-  of  }>'>TAS.h,  bo«»veT.  we  have  seen  that  this  element 
i*  i>,M  ix-sTOT^J  1'^  ihe  icn«*j*s  aln^ady  ■eniioned.  in  amounts  pro- 
p^v;!,^:.s:e  i.^  :;:ir..py-::  »:.i3  f>lj.>si>biims.  Pi^iai^b  salts,  being  extremely 
Sk^'r.Mft.  are  M;«'y  to  Ih-  lit-id  l.^Tip*«t  in  Eolation.  Some  of  them,  of 
owiNA  ST*  Twynenri;  ;ri  t^,^  ariini.i!  a:)d  ve^taWe  life  of  which  we  have 
siv^kf-n.  b:;i  i!;e  fL^<>\  e;as>  of  ivii*>b  earned  into  the  sea  still  remains 
«r.*.x\»;:v.iie»i  f.-r,  T;.*-  nx^-veiy  of  llie  wa>te  of  potash  is  chiefly  secured 
l\v  J}[<>  iS4.>'.n::«^ii  of  ■ka  ■«ia;«-rs  oi>yira:n;np  lar^  qnantitifts  of  this  salt 
*i!d  !hi';rsr,Si»iv;n;.j  <-va;»raT:on.  Snih  i^n^Iiilion  of  sea  waters  takes 
l^'.-it-e  b)  n;<\ir.s  of  s^\>;,>j.io  »;.a:.i:t-^  i:i  the  level  erf  the  land  and  sea. 
tt)  i!»o  M-.s.r.i;  of  s:i  *r<«  s  a^vi-  ilic  jk-a  level  tht^re  is  almost  cei-taiD  to 
Iw  .■*»  im'Vvs-.irT^  of  iiTWitor  or  K>ss  ex:»-til.  of  the  sea- water  in  the  form 
«*f  *  l;»V<v.  V!i;s  i:)i  iosr.re  u;:iy  !»o  (>»n;;>>ie  or  only  partial,  the  inclosed 
\».»li'r  !*u\->  N:;  jC  si.'.:  ir.  o»:;;:;,r.:;:.M;ion  with  The  niiiin  body  of  the  sea 
b>  uitvtDsot  siv,.i:iosii;^t:n>s.  if  ih;s  Ni!y  of  w:iier  lie  exposed  to  rapid 
M  «lsii  ;it  loll,  ,1,-s "» .(s  (i.>ii'.'!!oss  The  r»si-  in  iwst  peo'offic  a^fcs.  there  will 
U»  t)  «Minn;«al  !;\!*ii\  of  ;t<!<i;T;on;»I  -itvi  nater  throii^rh  these estoanes  to 
titk«>  Iho  I'litiY  of  \\\.\',  e\  .t)y>r;(tt>iL  The  waiors  may  thns  become  more 
mill  moi*  olu»Vt;>Nl  «:!!i  sjt;;!iet>*>!Sl::iii!;ris.  Finally  a  point  is  reached 
1)1  ttn«  ovAi'^M-ttiou  \»hon  ilio  loss  MiiMe  of  the  saline  oonstitaeDts 
ln^»;m  Io  K>  iIoi^ivvKih).  In  ihis  w;»y  the  x-ar:i*ns  farmatioDS  of  mioeral 
iimllor.  iHAxlH.tH)  l\\  llioOnini:  up  of  iin-l.v*.l  waters,  take  place. 


n,g:,.-ndtyG00gic 


THE  WASTE  AWD  CONBEBTATIOW  OP  PLANT  POOD.        233 

The  most  extcuBive  deposits  of  potasli  known  are  those  iu  the  neigh- 
borhood of  Stsasfurt,  in  GennaDy.  The  following  description  probably 
represraits  the  method  of  formation  of  tbe&e  deposits : ' 

"The  StssBfurt  nalt  and  potash  deposits  had  their  origin  thonsands 
of  years  ago,  in  a  sea  or  ocean,  the  waters  of  which  gradually  receded, 
leaving  near  the  coast,  lakes  which  still  retained  communication  with 
tbe  great  ocean  by  means  of  small  channels.  In  that  part  of  Europe 
the  climate  wa»  still  tropical,  and  the  waters  of  these  lakes  rapidly 
evaporated,  but  were  constantly  replenished  through  tliese  small  chan- 
Dele  connecting  them  with  the  main  body.  Decade  after  decade  this 
continued,  until,  by  evaporation  and  crystalhzation,  the  various  salts 
present  in  tbe  sea  water  were  deposited  in  solid  form.  The  less  soluble 
material,  such  as  sulphate  of  lime  or  'anhydrite,'  soIidiUcd  flrnt  and 
formed  the  lowest  stratum.  Then  <rame  common  rock  salt  with  a  slowly 
thickening  layer  which  ultimately  reached  3,000  feet,  and  is  estimated 
to  have  been  thirteen  tbouHaiid  years  in  formation.  This  rock-salt 
deposit  is  interspersed  with  lamellar  deposits  of  'anhydrite,'  which 
gradually  diminish  toward  the  top  and  are  finally  replaced  by  the 
mineral  *  polylialite,'  whtcb  is  composedof  sulphate  of  lime,  sulphate  of 
potash,  and  sulphate  of  magnesia.  The  situation  in  which  this  polyha- 
lite  predominates  is  called  tbe  'polyhalite  region'  and  after  it  comes  the 
'kieserite  region,'  iu  which,  between  the  rock-salt  strata,  kieserite  (sul- 
pliateof  magnesia)  is  embedded.  Above  tbe  kieserite  lien  the  'potash 
region,'  consistiug  maiulyof  deposits  of  carnallite,  a  mineral  comi>ound 
of  muriate  of  potiish  and  chloride  of  magTiesia.  The  carnallite  deposit 
is  from  50  to  130  feet  thick  iittd  yields  the  most  important  of  the  crude 
potash  salts  and  that  from  which  are  manufactured  most  of  tbe  concen- 
trated articles,  including  muriate  of  potash, 

"Overlying  this  region  is  a  layer  of  impervious  clay  which  acts  as  a 
water-tight  roof  to  protect  and  preserve  tbe  very  soluble  potash  and 
magnesia  salts  which,  bad  it  nut  been  for  the  very  protection  of  this 
overlying  stratum,  would  have  been  long  ages  ago  washed  away  and 
lost  by  the  action  of  the  water  percolating  from  above.  Above  this 
clay  roof  is  a  stratum  of  varying  thickness  of  anhydrite  (sulphate  of 
lime),  and  still  above  this  a  second  salt  dei>osit,  probably  forme4l  under 
more  recentclimatic  and  atmoMpherieintiueucesor  possibly  by  chemical 
changes  in  dissolving  and  subsequent  precipitatiou.  This  salt  deposit 
contains  98  per  cent  (often  more)  of  pure  salt,  a  degree  of  purity  rarely 
elsewhere  found.  Finally,  above  this  are  strata  of  gypsum,  tenacious 
clay,  sand,  and  limestone,  wliicb  crop  oat  at  the  surface. 

"The  perpendicular  distance  from  the  lowest  to  the  upper  surface  of 
tbe  Stassfurt  salt  deposits  is  ab<mt  .~>,00U  feet  (a  little  less  than  a  mile), 
vhile  the  horizontal  extent  of  the  Ited  is  fnun  the  Ilarz  Mountains  to 
tbe  Elbe  River  in  one  directiou,  and  from  the  city  of  Magdeburg  to  the 
town  of  Bernburg  in  the  other." 

According  to  Fucbs  and  De  Launy'  the  saline  formation  near  Stass- 
furt  is  situated  at  tbe  bottom  of  a  va-stTriassic  deposit  surrounding 
the  city  of  Magdeburg.  The  quantity  of  sea  water  which  evaporated 
to  produce  saline  deposits  of  more  than  600  meters  in  thickness  must 
have  been  enormous  aud  the  rate  of  evaporation  great.  It  appears 
that  a  temperature  of  100^  would  have  beeu  quite  necessary,  acting 
for  a  long  time,  to  produce  this  result. 

■Pataab,  Colninbian  Expnaition,  Oennan  KbU  Woiki,  pagMS,4. 

*  Olto*  Uin^ranx,  page  129.  C^OOqIc 
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These  antbors  therefore  admit  that  all  the  theories  so  far  advanced 
to  explain  the  magnitude  ot  these  deposits  are  attmded  with  certfun 
difficnities.  What,  for  instutce,  could  hare  caosed  a  temperature  of 
100°  t  The  moet  rea^^aable  iwaire  of  this  high  temperatore  most  be 
Boaght  {or  in  the  nolent  chemical  action  produced  by  tjie  doable 
decompoeitioDB  of  soch  vast  qnaotities  of  salts  of  different  kinds. 
There  may  also  have  been  at  the  bottom  of  this  baan  some  enbter- 
raneim  heat  snch  as  is  foond  in  certain  localities  where  boric  acid  is 
deposited. 

Whatever  be  the  explanadon  of  the  source  of  the  heat  it  will  be 
admitted  that  at  the  end  of  the  Pwmian  period  there  was  thrown  up 
to  the  northeast  of  the  pre^ut  f^ine  deposits  a  ridge  extending  froin 
Helgoland  to  Westphalia.  This  dam  established  thronghoat  the  whole 
of  Korth  Germany  saline  lagoons  in  which  evaporation  was  at  once 
cMtablifthed,  and  these  lagoons  were  constantly  fed  from  the  sea. 

There  was  then  deposited  by  evaporation  first  of  all  a  layer  of  gyp- 
sum and  afterwards  rock  salt,  covering  with  a  few  exceptions  the  whole 
of  the  area  of  Sorth  Germany. 

Bat  aroand  Stassfhrt  there  occnrred  at  this  time  geolc^ic  dispIace^ 
ments,  the  saline  basin  was  permanently  closed,  and  then  by  continned 
evaporation  the  more  deliquescent  salts,  snch  as  polyhalite,  kieserite, 
and  camallite,  were  dei>osite<l. 

These  theories  account  with  sufficient  ease  for  the  deposition  of  the 
saline  masses,  hot  do  not  explain  why  in  those  days  the  sea  water  wa^i 
so  rich  in  potasli  and  why  potash  is  not  found  in  other  localities  when 
vast  quantitie.<t  of  gypsnm  and  common  salt  have  been  deposited.  It 
may  be  that  the  rocks  composing  the  shores  of  these  lagoons  were 
exceptionally  rich  in  potash  and  that  this  salt  was.  therefore,  in  a  cer- 
tain degree,  a  local  contribation  to  the  products  of  concentration. 

Through  the  ages  of  the  past  the  rich  stores  of  plant  food  have  been 
steadily  removed  from  arable  fields  and  apparently  forever  lost.  But 
in  point  of  fact  no  particle  of  it  has  been  destroyed.  Even  the  denitri- 
fying ferments  described  by  Springer,  Gayon  and  Dupetit-,  and  Miinti 
reduce  only  to  a  lower  stage  of  oxidation  or  restore  to  a  gaseous  fi)rni 
the  nitric  nitrogen  on  which  iiloue  vegetables  can  feed.  But  electricity, 
combustion,  and  the  activity  of  certain  anaerobic  ferments  herding  in 
the  rootlets  of  legnmes  and  other  orders  of  plants  are  able  to  recover 
and  again  make  available  this  loss. 

Lately  Winogradsky  and  Warington  have  shown  that  an  organism 
can  be  grown  in  a  sugar  solation  containing  certain  salts  and  exclud- 
ing all  nitrogenous  matter  save  the  free  nitrogen  of  the  atmosphere, 
which  is  capable  of  oxidizing  and  assimilating  this  inert  gas.  In  a 
solution  containing  7  grama  of  sugar  as  high  as  14  milligrams  of  nitrogen 
have  been  fixed. 
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Warington  says  in  speaking  of  this  phenomenon: 

"That  a  vegetable  organism  sbonld  be  able  to  acquire  &om  the  air 
the  whole  of  the  nitrogen  which  it  needs  is  certainly  very  remarkable, 
ajid  is  an  extraordinary  fact  both  to  the  physiologist  and  the  chemist."' 

The  iact  that  a  few  million  years  may  saperrene  before  the  particle 
that  is  carried  off  to-day  as  waste  may  retnrn  to  organic  life  shows 
the  patience  rather  than  the  wastefulness  of  natare. 

As  a  result  of  this  general  review  of  the  migrations  of  plant  food,  the 
reasanring  conclusioD  is  reached  that  there  is  no  danger  whatever  of  the 
nltimat«  consamption  or  waste  of  the  materials  on  which  plants  live. 
CircTtm scribed  localities,  through  carelessness  or  ignorance,  where 
once  loxuriant  crops  grew,  may  become  sterile,  but  the  great  source  of 
snpply  is  not  exiiaasted.  In  fact,  as  the  rocks  decay  and  nitrifying 
organisms  increase,  the  total  store  of  plant  food  at  the  disposal  of  vege- 
tation may  continue  to  grow.  When  we  join  with  this  the  fact  that  the 
akill  of  man  in  growing  crops  is  rapidly  increasing,  we  find  no  danger 
ahead  in  respect  of  the  (piantity  of  haman  food  wliich  may  be  produced. 

Only  the  novelist  might  be  able,  by  the  aid  of  an  unfettered  imagina- 
tion, to  say  how  many  human  beings  the  United  States  alone  will  be 
able  to  feed  in  comfort.  With  the  aid  of  scientific  agriculture,  with  the 
help  of  the  agricultural  chemist,  we  may  safely  say  that  a  thousand 
million  people  will  not  so  crowd  our  means  of  subsistence  as  to  make 
Alaltbus  more  than  n  pleasing  theorist.  As  I  [winted  out  in  my  vice- 
presidential  address  at  Buffalo,  the  death  of  humanity  is  not  to  come 
from  starvation  but  from  freezing,  and  many  a  geologic  epoch  will  come 
and  go  before  this  planet  dies  of  cold. 

iChem.  News,  October  13, 1893,  pag«  170. 
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FOUlt    DAYS'  OBSERVATIONS  AT   THE   SUMMIT  OF  MONT 
ULANC.i 


By  M.  J,  Jansses. 


Od  Friday,  the  22d  of  Augnst,  in  tbc  year  1890,  about  noon,  a  sleigb 
ilriveD,  or  rather  hoisted,  by  twelve  meo  of  extraordiuary  vigor  and 
resolution,  attaiued  tlie  summit  of  Mout  Biantr. 

It  was  the  first  time  an  ascent  bad  been  accomplished  in  this  novel 
style  and  that  a  traveler  had  reached  the  very  top  of  the  renowned 
pile  hardly  having  set  foot  to  tite  ground. 

The  journey  had  called  for  heroic  efl'orts.  SIoi>cs  of  extreme  steep- 
ness had  been  climljed,  broad  crevasses  had  beeu  crossed  or  turned, 
ridges  like  knife  edges,  with  abysses  on  eitber  band,  had  been  followed. 
But  triumph  had  crowned  their  efforts;  and,tbe  feat  accomplished, 
there  had  been  an  explosion  of  enthusiasm — congratulations,  and  even 
kih<se8. 

The  traveler,  having  paid  bis  debt  of  praise  and  thanks  to  his  com- 
panions, glanced  at  the  scene  unrolled  before  his  eyes  and  seemed  rav- 
ished'with  a  sort  of  ecstacy. 

The  weather  was  splendid,  and  the  celestial  vaalt  appeared  of  a  dark 
and  somewhat  violet  blue;  but  quite  unexpectedly,  however  rationally, 
that  vault  seemed  continued  below  the  horizon,  as  if  tlie  heaven  had 
wished  to  draw  its  strings  and  inclose  tbe  observer  iu  an  aitnre  sphere. 

The  plains,  the  cities,  the  valleys,  and  all  the  fields  which  were  spread 
out  within  tbe  immense  circle  of  that  horizon  looked  as  if  they  were 
sunk  to  the  bottom  of  an  ocean  of  heavenly  blue.  It  was  as  if  tbe 
kingdom  of  tbe  mermen  wore  revealed  at  tlie  bottimt  of  the  ocean. 

However,  from  the  bottom  of  that  ocean  rose  here  and  there  huge 
reefs,  whose  tops  of  dazzling  whiteness  emerged  from  the  surface  and 
rose  toward  tbe  horizon.  These  were  tlie  mountain  chains  at  the  center 
of  which  Mont  Blanc  presides. 

The  traveler  did  not  permit  himself  to  be  completely  absorbed  by  that 
memorable  picture.  He  directed  his  attention  to  the  conditions  ofi'ered 
by  this  station  for  astronomical  and  physical  observations,  and  after 
this  scrutiny  and  rapidly  taken  notes  were  completed  he  gave  the  sig- 
nal of  retreat  and  tbe  band  descended. 

■  TntD!tlat«d  from  Anonaire  ilii  Bnreaii  dea  I.onKitutles,  Furis,  l)*!M.  Keiul  in  tlie 
»Dnan1  pnMic  meptin^  of  t1i»  five  »c.i<lHiiiii'N,  Ort«l>er  i:?,  1893,  by  IJr.  JanMen,  mem- 
ber of  the  institute,  delegate  of  tlie  Auudeiuy  ut  Scituces. 
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;S*  '-K-nrriTT'Tt   AT   THE   -^naffT    or   3BJBT    BLAST. 

Ti— -v-»*«  -f '^j.' ■■—■■:?-■  ; r  T4i' -jjc  duMw  flueitirs  vkieh  present 

*;.:  '.'•  '  -  iw-"  -;  -■  ;  :l-  ^.-^  -■_   :  -i     x^  M'Mum.^kcv  [i*^a««6}rth noi 
-j^.  ,-^,_-  ,.  ;, .  ;i  ,Hf:  »i  ~-  J  _;  -,.  ,fcl  i  (vnt>  -Lir  tile  CTiitor  tt>  their 

W'  r.  •;■  i  ,-J  :  .*"  i  :_••>  -f  A-<«rLT  *\..-i  '^tn*»  tli*  Emrelt^r  the 
*irr*--'  -  iL.-y  ■'-•  .--—■■:  i.  »-•-  .:     i  f  .c  i.".  «;■;  p»*mi;--  him  ftiUv  lo 

A  :     i: -^r   ":.'■  t;-  f>r  1..  ■  i — ri  ::_  i*  «ji.  [uk*  tli«  booor  of 

>1  ,j^-"  :.g  ,.  '_  :•-;•  ."".  '-'"wr  A  '.^.--^T'  ;'  >•■  »!;««?■  ;t»»;  rin:iiiiistaDC>^ 
./  :.-  ----l:  i:.  i  :.■-*■  •■■'•*:■  *::  L'  '.'-  '_  .  i  3^  >.  c-i;::.^  accention  to 
;if  *!■.  .  ■ij'— T-.  L  L'.-Io-:-!  ITT.  !.-rT»r-:.-.Al  :  .ii^-ii.-s.  ^ml  asowooniy 
»--.!lr.-l;    :i-^- .;.•>•-  ;.irj'>  ;■"-".  —  ar  »Lj-- Iw -.fiiiioijwi  iiirstat 

>^.iTy'.;  »i-  "-.-  r-il.:.2  'i'-:-c  »brE  vMr  vt'  b>  oiJltrAsmss.  tbe 
M-i*-.. .-  ■  f  •^•:  ''  ;•  T"t:i  Frr:,t:li  ;.-t7":.f— v.  e^:lii-Li.-c;i:  tor  the  proj 
(,;.  ,;..-.,:nl  ;:_:..i!.j'«ly  :<•  ::.-«r.V  L::^-*-;f  i*  priiiciiKkl  tiHt|)emtor. 
SL-  •-:.•>  ^r'Tf-r.  --v  ;■:•  -^-t  r-T.*:-'"!  :'..«•  ^i-.ct^iL^ftL*  <:••• -penttiuQ  of  a 
priL(-r  i\.ri-'..-i  :>■ !-  -:.■>-.  x'^r  y-^jrvr  f.»f  A  grvjl  iiisiitiv  ajnv.  uitl  oiie 

T.>  ilu-*-  >"■  ■■  ;■"■  *"'-r*'  !*■  ;-  .^M*^:  ••tLrr-  »h'«-e  i:itii^niiii<-ewastliie 
tvi::;.  u:,i::y  ;.•  :;.•-  '...-''-^  >::  :.■:■■:.-  ■•:'  t-«^  i*rx>a-  brii.,::!:^  tb^ir  adhe 

A  *■■"•«■:*"«,(>  :Li-:.  :.t:..«-I,  T'^t^  pT.->..!rLt  of  ibr  lif [Hiblic  <^i>D<l«- 
s«>  ;  •iiT'i  '-<■'  !■*■  ■*•■  U":. ■':;*->  n,r;..'r-i^r:  M.  I*«'Li  Sjv.  Liicorjrj  presiilt^iit: 
M.  ,l,>;:^<t:..  i':^~;'it"--:  M.  I'-i-h."  ■  S-hc.in.  s«n.-7»r:jry :  31.  EtI.  Dele^ssert. 
irvajiurvr:  MM.  l'r::.i>-  i;--'.j..'i  Iw'i.aiMitt?.  lUr>)a  Aljili. <l«  Kothsvliild. 

The  ti\h('ii:i'  «J-  iLjs  iv.iirii-ir.ilcd  a;.<I  its  ival:zati<»i  now  only 
(IfiK-iuUil  un.<ii  tl.c  g.—.l  ri-rm::*-  with  w:..i-:i  i.;t:;:ral  obstai-les  migl.l 
lk>  sm■tlKVllIlE^^l,  Vot  it  .-.kiM  i.'>t  '-^  li'-iiidl  [i:j[  the  difticnltit*.-;  of  the 
t'iHivvu>c  wiTf  uivat.  js  1  lunl  nivMl:'  f-iresiT:.  ;i:.tl  »-mi.li:icii-aUyslatfil, 

IiuUh-iI,  I  Sio  [HMfK'  wlio  wciv  tin-  !■*:■>:  a^  ,!ia;L:«i  with  tbe  glacii-rs  of 
(ho  s»->'  »u>iuit,tui  lifeiiuHl  tlie  t—:a'''.:-I::i.tiH  at  ili>-  siioiniit  of  a  t-oii 
sUiutn'u  of  .-ituiie  iLi,|K>!tai:'.v.  lai'a'L-lf  of  a:^ir>ii[;;;  bulging  to  tbe 
okM-iAt'is,  to  If  iiiiiMKoiMf.  Oil  the  one  baiiJ.it  was  SiU<).  and  witb 
KU'iil  ;ii>|faiaine  of  itasou,  the  icy  irit:?t  of  t'ue  smiiiuit  mast  have  n 
K«\il  lliii  kiioss,  foibiil.iiii;:  the  e-ta""l!-hiiit-iit  of  foundations  on  tlie 
iwk,  «inl  ou  the  other  liainl  the  iM'^-ihility  of  foinnliii?  on  tbe  snow 
wn»ileiiie<l.     hi  faet.  the  ge;.ei-al  opinion  was  111 1  favorable. 

(tu  llioolhef  liaii.t,  M,  J.  Vallot  liLtd  just  establisbeil  ou  the  rwk  of 
tUo  |lo:^<<i-.i, ittNiut  lt>t)  meters  fioni  the  suutmit.it  rffii;.'^e  of  ^jxsX  utility 
iiiitl  iMi  olisoi  vittovy  w  liieti  wai»  to  l>e  eonsideiably  enlarged  and  would 
|n>l  mil  It  vai'iety  of  e\tivmely  vahiai'le  uhserviitioiis  at  »  high  altitude. 
Hut  ihooiM^>iiHidt>nittous,uotwiihstau(liug  their  wei^btinetts.  could  uot 
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The  summit  alone  by  ita  commanding  situation  and  the  immense  hori- 
zou  that  it  embrae«s  is  adapted  to  the  investigations  whicli  we  propose. 
A.T1  exper[ence  of  thirty-five  years  of  ti'avel  and  research  in  tlie  dif- 
ferent parts  of  the  u'orld,  especially  my  sojuurus  on  the  summit  of  the 
Faolboni,  ou  that  of  Etna,  on  the  Pic  du  Midi,  and  on  the  highlands  of 
the  Eimal»ya  had  shown  mc  the  im]>erfei;tions  of  observations  made 
ou  the  Hanks  of  mountains,  by  reason  of  all  the  disturbing  causes 
which  go  to  derange  them,  and  the  iucontestible  superiority  from  that 
lK)iiit  of  view  of  the  culminating  points. 

1  considered  that,  France  having  the  good  fortune  to  possess  the 
better  part  of  tbe  great  pile  of  Mout  lilanc  and  to  have  aci;ess  to  its 
summit,  we  had  not  the  right  to  stop  so  near  our  cud,  and  in  order  to 
spai'c  ourselves  a  last  efi'ort  to  de])rive  ourselves  of  the  incomparable 
advantages  attached  to  the  iwssession  of  the  ]ieak  which  commands  • 
three  countries  and  i>ermits  t)ie  study  of  a  layer  of  air  of  5  kilometers 
thickness  and  100  diameter  the  conquest  sliould  be  made  at  any  cost. 
Hence,  as  soon  as  the  soundings,  due  in  great  part  to  the  generosity  of 
M.  Eifl'el,  had  shown  that  the  thickness  of  the  snow  at  the  top  appeared 
to  negative  a  foundation  on  the  rock,  I  thought  we  ought  not  to  hesi- 
tate to  seek  all  means  of  obtaining  an  installation  on  the  snow  itself. 
But,  iis  I  said,  this  novel  plan  met  with  almost  universal  incredulity, 
and  nothing  but  the  conviction  duo  to  a  thorough  examiuatiun  of  the 
question  preventetl  its  author  from  being  shaken  by  those  criticisms. 

Two  principal  questions  had  first  to  he  cleared  up:  In  the  first  place. 
What  resistance  could  the  snow  <>f  the  summit  offer  to  support  tbe 
weight  of  an  important  construction  1  Next,  What  movements  were  to 
be  feared  i  n  the  snowcap ! 

In  order  to  answer  the  first  question  experiments  upon  the  resistauce 
of  snow  were  instituted  at  the  observatory  of  lleudon.  They  gave  sur- 
prising results  for  the  force  of  the  resistance.  A  column  of  lead  of  360 
kilograms  and  only  30  centimeters  diameter  sunk  only  a  few  millimeters 
in  settled  snow  brought  to  the  density  of  that  at  the  summit  of  Mont 
Blanc.  Later  the  experiment  was  rcjieated  with  still  more  surprising 
results. 

As  to  the  question  of  movement,  it  was  studied  and  solved  by  the 
putting  in  place,  in  the  year  1891,  of  a  little  building  of  wood  sunk  in 
the  snow  by  a  determinate  amount  and  carefully  leveled.  This  little 
building  has  now  been  on  the  summit  for  two  years  and  still  answers 
for  a  storehouse. 

All  these  encouraging  results  having  been  iic(]uired,  the  execution 
of  the  plan  was  vigorously  begun. 

The  shape  of  the  observatory  and  its  internal  arrangement  bad  to 
be  adapted  to  tbe  novel  conditions  of  its  erection. 

The  construction,  which  was  to  have  two  stories  and  a  terrace,  took 
the  form  of  a  truncated  quadrangular  ])yrarnid,  a  form  whicli  gives  a 
large  base  and  oft^ers  little  hold  to  winds  on  account  of  the  slantiog 
surfaces.  kCoC^Ic 
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The  campaigQ  of  1893  was  to  be  employed  in  flnishing  the  transpor- 
tation of  materials  to  the  summit  and  to  the  bnitding. 

A"  accident  snch  as  often  happens  on  Mont  Blanc  came  near  coin- 
promising  the  whole  thing.  A  large  deposit  of  materiitls  placed  at  the 
Grand  Socher  Ronge  at  the  begiiiniug  of  winter  was  nowhere  to  be 
rotud  in  the  spring.  After  hunting  everywhere  it  was  discovered 
buried  beneath  some  8  or  9  meters  of  snow,  and  it  was  a  great  labor  to 
get  it  out. 

To  facilitate  the  transportation  of  the  hoarier  pieces  I  hud  invented 
and  cansed  to  be  coustmcted  a  nnmber  of  very  light  winches  or  wind- 
lasses, formed  of  a  simple  frame  iuclosing  the  drum  and  gearing  and 
fiirnished  with  riiigs  which  allowed  them  to  be  solidly  fixed  in  the 
snow  by  the  aid  of  ice  axes  or  stakes. 

These  windlasses,  placed  IVom  stretch  to  stretch  on  the  great  sloiies, 
served  to  tug  the  sledges  bearing  materials. 

Thus  the  workmen  were  much  relieved,  and  they  could  mount  the 
greatest  slopes,  the  ascent  of  which  is  so  laborious  and  even  danger- 
ous for  heavily  loaded  porters. 

It  was  a  novel  thing,  and  curious,  too,  to  see  the  great  glacier  of 
Moot  Blanc,  whose  successive  projections  looked  like  the  steps  of  some 
gigantic  staircase,  marked  with  the  line  of  laborers  working  these 
machines,  which  slowly  but  surely  dragged  along  the  heavy  loads 
toward  the  summit.  It  was  a  new  kind  of  imdertaking,  whose  object 
was  not  search  for  material  wealth,  but  tlie  conquest  of  a  station  which 
was  to  endow  science  with  new  truths. 

Meantime  materials  were  accnmnlating  ou  the  top,  aud  the  critical 
moment  was  approaching  when  the  final  effort  was  to  crowu  all  these 
labors;  I  mean  the  moment  of  building. 

Then  a  gang  of  the  strongest  men  was  chosen — the  most  habituated 
to  these  high  elevations.  To  them  were  joined  the  very  carpenters 
who  had  put  the  house  together  at  Mendon,  and  the  summit  was 
attacked. 

We  were  much  airaid  of  the  gales  and  the  hurricanes  that  are  so 
frequent  on  Mont  Blaue;  but  by  an  unhoped-for  piece  of  good  luck, 
like  a  favor  accorded  to  such  perseverance  and  such  efforts,  there  was 
a  whole  fortnight  perfectly  calm  with  a  temperature  relatively  mild. 

So  the  work  went  on  with  astonishing  celerity,  and  on  the  8th  of 
September  the  observatory  was  built,  walled  in,  floored,  and  its  stair- 
case np.  A  part  of  the  terrace  alone  remained  in  abeyance.  It  was 
necessary  to  go  back  to  finish  it. 

Meantime,  impatient  to  see  our  observatory  in  place  and  to  make 
observations  there,  I  organized  my  ascent.  In  this  second  journey  to 
the  top  we  eniployed  windlasses  for  hoisting  the  travelers'  sleigh. 
The  line  being  attached  to  the  sleigh,  the  guides  carrying  the  windlass 
stretehed  out  the  rope  aud  fixed  the  windliiss  at  a  good  distance.  The 
vindlass,  put  in  place  on  pickets  and  solidly  bound  to  ice  axes  deeply 
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impossible ;  but  of  that  tbere  waa  no  ueed,  since  the  saccessioD  of  tbese 
scenes  remained  engraved  iueffaceably  aiMjn  my  mind. 

Wby  are  tlie  etnotious  so  lively!  Why,  in  particular,  daring  the 
four  nights  I  passed  at  the  summit  did  I  experience  a  feeling  of  such 
d<^licions  buoyancy  throughout  my  beiugt  Why  did  it  seem  tbat  1 
was  relieved  of  a  great  weight  which  till  then  bad  fettered  and  weighed 
down  my  mind,  and  that  it  was  now  to  take  its  flight  and  open  in  full 
liberty  aud  love  the  questions  the  hardest  and  the  finest  of  a  higher 
moral  order  1 

Is  it  the  simple  effect  of  the  small  specific  f^ravityof  the  air  of  those 
high  altitudes!  Do  there  not  enter  other  causes  still  unknown  which 
shall  be  investigated  in  the  futuret 

Be  this  as  it  may,  it  seems  tbat  nature,  which  does  nothing  in  vain, 
and  which  is  AiU  of  these  harmoQies,  wishes  to  prepare  us  by  the  very 
effect  of  these  high  altitudes  to  better  feet  the  greatness  and  the  sab- 
timity  of  the  scenes  that  it  presents  to  us.' 

But  the  sun  rose  brightly  the  next  morning,  while  I  was  present  as 
spectator  of  an  event  less  dramatic  tbaa  the  setting  of  the  previous 
evening,  but  still  of  a  grandeur  unparalleled.  I  could  give  it,  however, 
bnt  a  few  moments'  attention.  I  wished  to  profit  by  the  presence  of 
this  fine  sun  to  execute  the  long  aud  delicate  observations  which  I  had 
not  been  able  to  make  with  my  large  instruments  at  the  time  of  my 
ascent  of  1890. 

Those  observations  related,  as  is  known,  to  the  vexed  question  of  the 
presence  of  oxygen  in  the  gaseous  elements  of  the  sno. 

The  eminent  American  physicist,  Draper,  thought  himself  able  to 
conclude  from  observations  of  spectral  photography  that  oxygen  was  a 
part  of  the  solar  atmosphere.  Now  this  question  of  solar  oxygen  has 
an  importance  which  transcends  the  purely  scientific  horizon. 

If  the  sun  is  so  constituted  as  to  fill  for  long  ages  its  office  of  dis- 
penser of  heat  and  light  to  the  worlds  it  enchains  around  it,  science 
foresees,  nevertheless,  tbat  by  the  inevitable  effect  of  time  its  radiating 
powers  wilt  diminish  and  more  and  more  decline.  Kow  if,  during  the 
ages  which  shall  witness  this  lowering  of  temperature,  the  gaseous 
envelopes  so  rich  in  hydrogen  surrounding  the  incandescent  orb  were 
to  contain  oxygen  besides,  a  moment  would  necessarily  be  reached  in 
which  a  combination  of  the  two  bodies  would  take  place,  and  then  enor- 
mous quantities  of  a<iueous  vapor  would  appear  in  the  solar  atmosphere. 

Now,  we  know  that  the  vapor  of  water  is  tbat  one  of  the  elastic 
tluid.s  tbat  is  endowed  with  the  most  energetic  power  of  absorption 
for  radiant  heat.    This  aqueous  atmosphere  would,  theu,  form  a  veil,  a 


'  I  bere  repeat  what  1  have  alreadj'  said  apropos  of  the  ascent  of  1890,  tbat  this 
Biate  of  mind  Bnpposes  tbat  ooe  has  notbing  to  do  in  the  way  of  physical  effort.  In 
mj  opinioo,  it  is  tbe  mode  of  ({oing  np  I  employed  aod  the  care  I  took  to  preserve 
all  the  forces  of  niy  iatelloctual  life  which  put  me  into  tbe  state  of  mipd  shown  in 
the  above  passages. 
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Bcreeu  wliicli  woald  (liminiBh  in  aji  enormous  proportion  the  powei-  of 
the  already  declining  sun. 

At  the  surface  of  the  earth  one  would  quickly  enough  perceive  the 
terrible  pbenomeuoD  (supposing,  at  the  low  temperature  the  air  would 
have,  there  were  any  living  beings  to  perceive  it,  wblch  is  improbable). 
Temperature  would  everywhere  fall,  the  climate  of  the  poles  would 
advance  toward  the  equator  (already  far  more  frigid  than  the  poli-s 
are  now),  and  tbe  couditiona  of  vegetation  and  of  animation  would  be 
still  more  remote  from  fulQllmeiit. 

It  is  true  that  by  reason  of  the  enormous  mass  of  our  central  orb 
and  of  the  conditions  which  have  presided  over  its  constitution,  we 
still  have  at  all  events  a  long  future  before  us  before  we  shall  witness 
any  such  catastrophe.  But  let  ns  not  selfishly  forget  that  the  earth  is 
not  alone  over  against  tbe  suu,  that  the  happy  family  of  the  i)lanet6 
counts  sister  planets  whose  mass  is  incomparably  greater  than  onrs, 
the  evolution  of  the  phenomena  of  animation  there  beiug  correspond- 
ingly much  slower,  and  that  those  pluuets  need  long  futures  to  assure 
tbeir  healthy  and  normal  development.  Such  is  tlie  case  with  Jupiter 
and  Saturn,  whose  masses  are  so  vast,  and  which  appear  to  have  passetl 
through  as  yet  but  a  small  fraction  of  tbeir  evolutiou. 

We  have  thus  an  interest,  not  for  the  moment,  but  in  the  future,  for 
our  planetary  world,  in  the  atmosphere  of  tlie  sun  being  so  constituted 
as  to  have  a  long  future  before  it;  that  is  to  say,  in  its  being  free  from 
oxygen. 

But  how  shall  we  obtain  intelligence  as  to  the  state  of  our  interests 
in  this  matter! 

If  we  conld  transport  ourselves  without  inconvenience  to  tbe  limit 
of  our  atmosphere,  where  it  is  on  the  border  of  the  celestial  void,  the 
solution  of  the  question  would  be  simple  enougli.  We  should  receive 
in  a  spectroscope  a  solar  ray,  and,  by  our  knowledge  of  all  the  special 
and  characteristic  modifications  which  oxygen  gas  produces  in  the 
spectrum,  should  decide  the  questiou  in  an  instant. 

But  the  problem  is  not  so  simple  and  easy.  As  things  are,  the 
atmospheric  air  consists  oue-fiftb  of  oxygen,  to  which  we  mainly  owe 
the  presence  of  animal  life  on  our  globe,  and  when  we  wish  to  analyze 
a  ray,  it  has  already  traversed  an  almost  infinite  thickness  of  oxygen. 
How,  then,  shall  we  distinguish  between  the  spectroscopic  effecton  the 
sun's  atmosphere  and  that  of  the  earth  t 

Here  it  is  that  the  high  stations  become  nsefnl. 

Imagine  that,  with  our  eyes  fixed  upon  the  solar  spectrum,  we  conld 
be  buoyed  np  higher  and  higher  in  the  air.  We  should  see  the  oxygen 
lines  pale  as  we  approached  tbe  limits  of  our  atmosphere;  and  since 
these  rays  have  not  all  the  same  intensity,  but  become  weaker  the  less 
tbeir  refrangibility,  we  should  see  the  feebler  lines  disappear  one  after 
another.  If,  then,  it  were  made  out  that  the  decrement  iu  tbe  intensity 
and  number  of  lines  correspouded  strictly  to  the  quantity  of  oxygen 
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left  below  DH,  we  slioTild  have  a  rigbt  to  infer  ttiat  in  riBing  still  more 
and  approacbing  the  atmospheric  limits  all  the  oxygen-rays  of  the 
spectntm  wonld  disappear,  and  that,  cotiseqaently,  the  sud  has  nothing 
to  do  with  the  phenomenoQ,  and  contains  no  oxygen  in  its  atnio8))here. 

We  come  now  to  the  observation  miide  on  Mont  Blanc  on  Tbnrsday, 
the  14th,  iind  Friday,  the  15th,  of  September,  1893. 

We  have  been  able  to  aver  that  as  a  matter  of  fact  the  nnmber  and 
enfeebling  of  the  oxygen  Hues  of  the  solar  spectrum  seemed  to  cor- 
retipond  to  an  atmospheric  thickness  of  4,800  meters,  precisely  the 
amount  which  was  underfoot,  and  that  consequently  the  oxygen  lines 
in  the  solar  spectmm  are  entirely  due  to  the  oxygen  of  our  atmosphere. 

To  make  sure  of  this  is  a  delicate  matter.  Un  the  one  band  the 
heavens  must  be  very  pure,  and  on  tlie  other  hand  a  large  apparatus 
must  be  mounted  with  care  and  protected  from  the  wind  and  from  stray 
light.  That  is  to  say,  the  observation  can  ouly  be  properly  made  in  a 
closed  room  sutBciently  spacious  Those  arc  the  conditions  wbicb  the 
Mont  Hlanc  Observatory  offend.     It  was  inaugtH'ated  by  that  study.' 

This  absence  of  oxygen  in  the  atmospheres  of  the  central  oib  not 
merely  interests  us  from  the  point  of  view  of  the  future  of  the  worlds 


'  Whftt  makes  the  novelty  of  the  obaervatioue  of  18!I3  is  that  oii  the  one  hand 
they  have  been  ultected  upon  the  summit  of  Mont  BImic,  and  ospeciuUy  that  the 
iDstniment  emplnyfd  was  inliiijlely  siipeiioT  tu  that  nf  the  two  previoaa  ascents. 
The  ttrst  was  a  spectroscope  by  Duboscq,  incapable  of  separatini;  the  B  gnmp  into 
distinct  lioea,  while  the  second  was  a  spectroscope  with  a  Rowland  grating  <|ire- 
■ent«d  by  Professor  Rowland),  with  telescopes  of  0.75  meters  focal  length,  showing, 
it  is  needless  to  nay,  all  known  details  of  I). 

A  special  importance  attaches  to  this,  becaiiso  there  may  be  fonud  in  the  coastitn- 
tion  of  this  B  groap  valaalile  elements  for  meaanring  ia  some  sort  the  effects  of  the 
decrenient  of  the  action  of  our  atmosphere  as  we  rise  in  it,  und  consequontly  for 
judging  whether  that  decrement  corresponds  to  a  total  extinction  at  the  limit  of  the 
atmoaphcre.  In  fact  we  know  that  the  doable  lines,  whose  aggregate  constitutes  the 
B  group,  dlniinisb  in  intensity  as  their  rofraugibility  dimiDislies,  or,  if  yon  choose, 
witb  their  increased  wave  length. 

We  can  avail  onrselveg  of  this  circnmstance,  if  not  to  measure,  nt  least  to  eeti- 
tnato  the  diminution  uf  the  action  of  selective  alisorption  of  our  atmosphere.  In 
fact,  wefind  that  thefeeblestdouhletsvanishsaccessively  in  the  atmosphere— that  is 
to  say,  according  as  the  action  of  absorption  diminishes.  For  eiample,  in  ordinary 
circnmstances,  on  the  surface  of  seas  or  plains,  the  maps  of  tlie  It  group  show, 
besides  what  we  call  the  bead  of  H,  thirteen  or  fourteen  doublets.  AJruady  at 
Chamoniz,  at  i,050  meters,  the  thirteenth  doublet  is  difllcult  to  make  sure  of.  At 
the  Grands  Mulete  (3,050  meters)  it  Is  only  f^om  the  tenth  to  tbo  twelfth  that  sure 
observations  can  be  made.  At  the  nnmmit  of  Mont  Blanc  I  could  hardly  go  beyond 
tbe  eighth. 

But  is  ituot  remarkable  that,  taking  the  ratio  of  atuinspherii'  pressures  on  Mont 
Blanc  and  in  tbe  plain,  or 

and  multiplying  this  by  tlie  number  of  doul>tet8  generally  quite  visible  in  tbe  plain, 
or  say  thirteen  to  fourteen,  we  got  7.4  or  about  the  unmber  {»)  seen  by  mo  at  Ih« 
summit  t 
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tbat  beloDg:  to  it,  bat  it  lias  another  bearing  of  a  still  more  lofty 
Older.  It  reveals  to  as  a  new  harmoay  in  the  constitation  of  tbe 
system. 

We  already  know  the  grand  outlines  of  tbe  sun's  conatitntion  and 
the  admirable  conditions  realized  to  assnre  both  the  abundance  and 
the  duration  of  the  radiation  with  which  it  supplies  tlie  planets.  We 
know  bow,  as  M.  Faye's  fine  theory  teaches,  the  iocandeBcent  surface 
of  excessive  thinness  in  which  resides  its  radiating  virtue  is  itself 
regenerated  by  the  vast  reserves  of  heat  of  the  groat  central  mass. 

We  know  too,  that  this  radiating  surface  is  protected  fVom  rubbing 
against  the  icy  void  of  space  by  a  number  of  gaseous  envelopes.  Of 
these  envelopes,  or  atmospheres,  the  highest,  and  doubtless  tlie  most 
efficacious,  is  the  coronal  atmosphere,  which,  during  total  eclipses,  pro- 
duces tbe  splendid  phenomenon  of  the  glory  of  the  corona. 

This  atmosphere  is  principally  composed  of  hydrogen,  the  lightest 
and  most  transparent  of  known  gases.  The  capital  funcdou  of  radia- 
tion, which  is  the  rational  end  of  the  central  luminary,  is  then  assured 
by  that  transparent  and  protecting  atmosphere.  But  we  now  see  that, 
by  an  arrangement  no  less  admirable,  the  body  which  could  in  a  moment 
compromise  this  function  has  been  removed  with  care. 

Thus  it  is  that  science  as  she  advances  reveals  to  us  at  every  step 
unknown  laws  and  harmonics  in  the  constitution  of  the  world. 

The  observatory  which  now  rears  its  head  above  the  summit  of  Mont 
Blanc  has  just  contributed  a  little  part  to  this  work.  It  promises  in 
the  fiiture  mach  larger  results.  The  building  is  the  realization  of  the 
thought  and  the  desire  of  numbers  of  distinguisbed  men  of  science 
who  have  worked  on  tbe  renowndl  mountain.  Since  the  memorable 
ascent  of  De  Saussure,  Mont  Blanc  has  fornitnl  a(;qnaintance  with  the 


Hut  t)i(>ii);b  tliiH  in  NtrikiD)!,  it  is  the  rompariHOD  witli  IiiIich  placed  miller  optira] 
conilitiuDH  iks  idi'Dtioal  as  possililo  wlitcli  alniie  can  lead,  to  any  certain  cimclliHion. 
These  comparative  experiments  have  been  commenced  iu  the  laboratory  of  tbe 
Observatory  of  Meudou.  They  lead  to  the  same  result,  to  wit,  the  diBappearauce  of 
the  groups  A,  a,  and  B  at  the  limits  of  the  fttmoBphcre.  Hiit  because  of  the  Impor- 
tance of  the  qnestion  they  will  be  taken  up  anew  and  completed. 

It  mifjbt  he  naked  whether  the  elevated  temperatures  to  which  are  snbmitttid  the 
gases  anil  fapors  of  the  solar  atmospherea  are  not  capable  of  modifying  their  power 
of  selective  absorption,  and  in  particular  whether  oxygen,  which  might  be  in  those 
atmoBphcres,  would  not  have  a  spectrum  qnite  ilifierent  from  that  which  we  recog' 
nize  in  our  experinoutH  at  onlinary  teniperaturew. 

1  have  already  instituted  osperimenta  with  a  view  to  meeting  this  objection.  I 
shall  report  them  to  the  Academy,  hut  I  wish  to  say  that  the  absorption  spectni  of 
oxygen,  whctlier  that  with  irresolvable  bands  or  that  with  lines,  do  not  appear  to 
be  appreciably  tnodiliod  when  the  oxygen  is  carried  to  400^  or  500^. 

On  the  whole  I  may  say  that  the  observations  which  have  lieen  made  at  the  sum- 
init  of  Mont  Blanc  put  tlie  iiuestion  of  the  tellnric  origin  of  the  oxygen  groups  of 
the  solar  spectrum  upon  a  new  footing  muvh  more  precise  and  lead  to  the  answer 
indicated. 
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varioas  metliods  of  iiivestipitiOD  of  Martins,  Bravais,  and  Le  Pileur, 
of  Tyndall,  Hwlgkiason,  Soret,  VioUe,  and,  more  recently,  M.  Vallot. 

Bat  it  most  be  confessed  that  tliose  researclies  would  have  given 
results  Btill  more  important,  in  view  of  tlie  science  and  talents  of  their 
aathora,  if  the  latter  had  had  a  better  iristatlation  for  their  instruments. 
Now  that  the  observatory  is  bnilt,  and  that  it  will  twon  offer  a  com- 
fortable sojonrn,  nothing  will  any  longer  prevent  all  the  results  that 
are  to  be  expects  at  this  station  from  being  reached. 

A  fine  and  copioas  scientific  harvest  is  to  be  reaped.  Let  ns  invite 
to  it  the  scientific  men  of  all  countries,  and  we  shall  thus  ailhere  Ut  the 
constant  tradition  of  France,  who  has  always  loved  to  take  the  nations 
into  partnership  in  her  eudeavors  after  progress  and  light. 
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WEATHER  MAKING,  ANCIENT  AND  MODERN.' 


By  Mark  W.  Haerihotom. 


The  subject  of  ancteot  and  modem  weatber  making  ia  a  very  large 
one — too  large  to  be  treated  with  entire  generality.  1  Bball  discass  it 
rather  from  the  American  standpoint,  and  shall  nse  cases  in  the  Old 
World  simply  for  the  purpose  of  illuBtrivtion  and  for  completeness. 

Three  distinct  sorts  of  weather  making  have  been  employed.  The 
first  depends  on  superstitions  and  religions  methods;  then  follows  on 
this  the  degradation  of  these  religions  ideas  into  folklore  remnants, 
which  have  a  cnrious  persistency  in  civilized  conntries.  Both  these 
are  psychic.  Opposed  to  them  is  the  third  method,  mainly  American 
and  Intensely  practical,  with  which  some  history  and  literature  are 
connected. 

I. — SUPERSTITIOTJB  AND  RELIGIOUS  METHODS. 
RAIN  MAKING  AND  STOPPING.' 

Many  Indian  tribes  have  attempted  to  produce  rainy  or  dry  weather, 
according  to  requirements.  Among  these  may  be  mentioned  the 
Mandan,  the  Maskiugum,  the  Moqui,  the  Natchez;,  Znfii,  Ghoctaws, 
and  others.  For  this  purpose  pipes  were  smoked,  tobacco  was  burned, 
prayers  and  incantations  were  offered,  arrows  were  discharged  toward 
the  clouds,  charms  were  used,  and  various  other  methods  were  amployed. 
Classifying  by  tribes  the  processes  employed,  we  turn  first  to  the 
Iroquois. 

Mrs.  B.  A.  Smith,  in  her  Myths  of  the  Iroquois,  says: 

"Jn  a  dry  season,  t)ie  horizon  being  filled  with  distant  thunder  heads, 
it  was  castomary  to  bam  what  is  called  by  the  Indians  real  tobaccu  as 
an  offering  to  bring  rain. 

"  On  occasions  of  tliis  nature  the  people  were  notified  by  swift-footed 
heralds  that  the  children,  or  sous,  of  Thuider  were  iu  the  horizon,  and 
that  tobacco  must  be  burned  in  order  to  get  some  rain."' 


'From  tbe  Kational  Oeographic  MagaziDS,  Vol.  VI,  pogea  35-62,  April  25,  1894. 

'Theae  cases  of  westber  making  amoag  the  Nortb  American  Imliaiisirerecollectod 
for  me  by  Dr.  Fuller  Walker,  of  the  Weather  Bureau,  who  searched  tbrougb  thp 
literatare  available  io  Washington. 

'Seoond  Ann.  Bep.  BoToan  of  Ethnology  for  1S80-81  (1883),  page  72. 
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As  U>  the  MoHkiiigDin,  Heckewelder,  io  Lis  Accoant  of  the  Indians 
of  PeonaylTauia  (Philadelphia,  ISlit,  p.  229),  says: 

"There  are  jugglers,  generally  old  men  aud  women,  who  get  their 
living  hy  pretending  to  bring  down  rain  when  wanted,  and  to  im|iart 
jEOod  lack  to  bad  hunters,  in  Ihe  summer  of  1799  a  most  nncomuion 
drought  happened  in  the  Muskingum  country  (Ohio).  An  old  man 
was  applie<l  to  by  the  women  to  bring  down  min,  and,  after  varioas 
ceremonies,  declared  that  they  should  have  rain  enough.  The  Hky  had 
been  clear  for  nearly  five  weeks,  and  was  eqnally  clear  when  the  Indian 
made  this  declaration;  but  about  4  o'clock  in  the  afternoon  the  horizon 
became  oven-ast,  and,  without  any  thunder  or  wind,  it  began  to  raio, 
and  continued  to  do  bo  until  the  ground  became  thoroughly  soaked.*^ 

Heckewelder  adds  that  "  exiierience  had  doubtless  taught  the  jug- 
gler to  observe  that  certain  signs  in  the  sky  and  in  the  water  were  the 
forerunners  of  rain." 

Among  the  Natchez,  ai^cording  to  Father  Charievoix,'  jugglers  not 
only  pretended  to  cure  thi^  sick,  but  also  professed  to  procure  rain  and 
seasons  favorable  for  the  fruits  of  the  earth.  Their  incantataons  were 
often  ()ire<;tod  to  the  dispersion  of  clouds  and  the  espnision  of  evil 
opirits  from  the  bodies  of  the  afflicted. 

In  the  third  report  of  the  Bureau  of  Ethnology  it  is  stated  by  J.  Owen 
Dorsey  thati'*  when  the  first  thunder  is  heard  in  the  spring  of  the  year 
the  KIk  people  (among  the  Omaha  Indians)  call  to  their  servants,  the 
Bear  iHMjple,  who  pro<^eed  to  the  sacred  tent  of  the  Elk  gens.  When 
the  Itcar  ptMiple  arrive  one  of  them  oiH-ns  the  sacred  bag  and,  after 
removing  the  sacred  pipe,  hands  it  to  one  of  the  Elk  men,  with  some 
of  the  t4>bacco  from  the  elk  bladder.  Before  the  pipe  is  smoked  it  is 
held  toward  the  sky,  and  the  thunder  god  is  addressed.  -  -  -  'At 
the  conclusion  of  this  ceremony  the  rain  always  ceases,  and  the  Bear 
people  return  to  their  homes.'"' 

Oattin,  in  his  "  Life  among  the  Indians"  (p.  TS),  says  that  be  found 
timt  the  Mandan  hiwi  "rain  makers"  and  also  "rain  stoppers,"  who 
were  respected  medicine  men  "from  the  astonishing  facts  of  their 
having  matle  it  rain  in  an  extra4)rdinary  drought,  and  for  having 
stoppeil  it  raining  when  the  rain  was  continuing  to  an  inconvenient 
length."    He  adds: 

"For  this  purpose,  in  a  very  dry  time,  the  medicine  men  assembled 
in  the  medicine  lodge,  and  sitting  aroand  a  Are  in  the  center,  from  day 
to  day  smoking  and  praying  to  the  Great  Spirit  for  rain,  while  a  requi- 
site number  of  young  men  volunteered  to  make  it  rain.  Each  one  of 
tliese,  by  ballot,  takes  his  turn  to  mount  to  the  top  of  the  wigwam  at 
nunrise  in  the  morning,  with  his  bow  and  arrows  in  his  hand  itnd  shield 
on  his  arm,  talking  to  the  clouds  and  asking  for  rain,  or  ranting  and 
threatening  the  clouds  with  his  bow,  commanding  it  to  rain.  After 
Neveral  days  of  unsuccessful  attempts  have  passed  off  in  this  way  with 
a  clear  sky,  someone  more  lucky  than  the  rest  happens  to  take  his 
Htitnd  on  a  day  on  which  a  black  cloud  will  be  seen  moving  up.    When 

■  Voytigo  to  North  America,  Dublin,  17T6,  Vol.  U,  page  203. 

■  Onuhm  Sociology,  op.  cit.,  18B1,  paga  227. 

n,.:r,.-...iM,C00glc 


MAKING,  ANCIENT  AND  HODKBN.  251 

he  Bees  the  rain  actually  falling  he  lets  his  arrow  fly,  and  pointing  says : 
'There!  my  friends,  yoa  have  seen  my  arrow  go.  There  is  a  hole  in 
that  clond.  We  8h^  soon  have  rain  enough.'  When  he  comes  down 
be  is  a  medicine  man.  The  doctors  give  bini  a  feast  and  a  great  cere- 
mooy  and  the  doctor's  rattle.  When  the  doctors  commence  rain  mak- 
ing they  never  fail  to  sacceed,  for  they  keep  up  the  ceremony  until  the 
rain  begins  to  fall.  Those  who  have  once  succeeded  in  making  it  rain 
in  the  presence  of  the  whole  village  never  undertake  it  a  second  time. 
They  would  rather  give  other  young  men  a  chance." 

A  similar  account  of  the  Mandau  ceremony  is  given  by  Mr.  John 
Frost  in  his  book,  "The  Indians  of  North  America"  (New  York,  1843, 
p.  109).    He  says: 

"  It  was  in  a  time  of  great  drought  that  I  once  arrived  at  the  Mandan 
village  on  the  Upper  Missouri.  The  young  and  the  old  were  crying  out 
that  they  should  have  no  green  corn.  After  a  day  or  tvo  the  sky  grew 
a  little  cloudy  in  th&west,  when  the  medicine  men  assembled  together 
in  great  haste  to  make  it  rain.  The  tops  of  the  wigwams  were  soon 
crowded.  In  the  mystery  lodge  a  fire  was  kindled,  around  which  sat 
the  raiu  makers,  burning  sweet-smelling  herbs,  smoking'the  medicine 
pipe,  and  calling  on  the  Great  8piritto  open  the  door  of  the  skies  to  let 
oat  the  rain.  At  last  one  of  the  rain  makers  came  out  of  the  mystery 
lodge  and  stood  on  the  top  of  it  with  a  spear  in  his  hand,  which  he 
brandished  about  in  a  commanding  and  threatening  manner,  lifting  it 
up  as  though  he  were  about  to  hurl  it  at  the  heavens.  H£  talked  loud 
of  the  power  of  his  medicine,  holding  up  his  medicine  bag  in  one  hand 
and  his  spear  in  the  other;  but  it  was  of  no  use,  and  he  came  down  iu 
disgrace.  For  several  days  the  same  ceremony  continued,  until  a  rain 
maker  with  a  headdress  of  the  skins  of  birds  ascended  the  top  of  the 
mystery  lodge,  with  a  bow  in  his  hand  and  a  quiver  at  his  back.  He 
made  a  long  Bi)eecb,  for  the  sky  was  growing  dark,  and  it  required  no 
great  knowledge  of  the  weather  to  foretell  rain.  lie  shot  arrows  to  the 
sunrise  and  sundown  points  of  the  heavens  and  also  to  the  north  and 
Houth,  in  honor  of  the  Great  Spirit,  who  could  send  rain  from  all  parts 
of  the  sky.  A  fifth  arrow  be  retained  until  it  was  almost  certain  that 
rain  was  at  band.  Then  sending  up  the  shaft  from  his  bow  with  all  his 
might  to  make  a  hole  in  the  dark  cloud  over  his  head,  he  cried  aloud 
for  the  waters  to  pour  down  at  his  bidding  and  to  dreuch  bim  to  the 
skin.  He  was  brandishing  his  bow  in  one  hand  and  his  medicine  in 
the  other,  when  the  rain  came  down  iu  torrents." 

Among  the  Blackfeet  Indians,  according  to  W.  P.  Clark,  in  his 
"Indian  Sign  Language"  {Pbiliidelphia,  188.5,  p,  72) — 

"The  medicine  man  has  a  separate  lodge,  which  faces  the  east.  He 
fosts  and  dances  to  the  sun,  blowing  bis  whistle.  He  is  painted  in  dif- 
ferent colors,  and  he  mnst  have  no  water,  and  only  after  dark  can  he 
eat,  and  then  only  the  inner  bark  of  the  cottonwood  tree.  A  pichire 
of  the  sun  is  painted  on  his  forehead,  the  moon,  LTrsa  Major,  etc.,  on  his 
body.  The  dance  continues  for  four  days,  and  should  this  medicine 
man  drink  it  is  sure  to  cause  rain,  and  if  it  [does  not]  rains  no  other 
evidence  of  bis  weakness  is  wanted  or  taken.  Ue  is  deposed  as  high 
priest  at  once." 

Mr,  W.  Noble,  of  Indian  Territory,  says  that  "the  Choctaws,  during 
a  severe  drought,  will  fasten  a  fish  to  one  of  their  number,  who  then 
goes  into  the  water  and  remains  there  every  day  for  two  weeks  iu  order 
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Ut  caiue  it  to  rain."    He  adds  that  "in  wet  weather,  if  tbey  wish  the 
r>ii  II  in  Ki-oHe,  they  go  to  a  ftand  bank,  pot  saod  in  a  pan,  and  dry  it  over 
a  drii." 
,  AiiioiiK  the  MiKjui,  according  to  Schoolcraft — 

■>Tliiire  iM  a  charm  used  for  calling  down  rain.  It  consists  of  a  small 
ijiiHiitlLy  of  wild  honey  wrapped  np  in  the  inner  fold  ot  the  hnskof  the 
iiiui/i*.  To  prodace  the  effect  desired  it  is  oecessttfy  to  take  a  piece  of 
liui  Hhiick  wliicli  contained  the  wild  honey,  chew  it,  and  spit  it  upon  the 
Ifniiinil  wliiuli  iieetls  the  rain."' 

I^Kpt.  J.tJ.  IIoiirke,in  his  "Snake  danceof  theMoqni"(p.  130), says: 

"Tliitro  wan  painted  on  the  east  wall  a  symbolical  design,  or  'prayer,' 
rttpntMnitiiig  three  rows  of  clomls  in  red  and  blue,  from  which  depended 
liiiiK,  tiarrotf,  black  and  white  stri]>es,  typical  of  rain,  while  from  right 
mill  h;ft  iHsued  long  retl  and  bine  snakes,  emblematic  of  lightning.  This 
wuH  a  iirayer  to  the  god  of  clouds  to  send  refreshing  rains  ui>on  the 
Moijiii  cro]>H.  ■  -  -  Yellow  was  iiRed  in  all  prayers  for  pumpkins, 
Uti-en  tin  corn,  and  red  for  peaches." 

Among  the  Znfii,  according  to  SteveusoD,  medicine  sticks  were 
Mtip|HtHt!<l  to  influence  rain.  These  little  sticks  are  found  hidden 
bt'iimtb  tho  rafters  of  nearly  every  house  in  Znfii.' 

I'liMKiiig  a  little  further  from  home  we  find,  in  Acosta's  "History  of 
t\H\  IndicH,"^  some  aci.-ount8  of  rain  producing  and  weather  making 
iiwioiig  1  lie  Peniviun  natives.  According  to  him  a  Peruvian  king  in  his 
iiletinu'  ciiuNetl  a  figure  to  be  made  wherein  he  was  repre.«ented,  which 
tiit-y  called  lliiaugue,  which  signifies  brother.  They  carried  this  image 
to  Hie  wui'K  and  in  procession  for  rain  or  fair  weather,  making  sundry 
finiNiM  and  sacrifices  to  it.  They  also  pursued  other  methods.  "In 
miiltci's  of  imjmrtauce  tliey  olTered  up  alpacas,  hanging  the  beast  by 
till-  right'  fon^  leg,  turning  bis  eyes  to  the  sun,  sjveaking  certain  wonls 
Hciionling  to  the  (|UaIity  of  the  sacrifice  they  slew,  for  if  it  were  of 
color  Ihi'lr  words  were  addressed  to  the  god  of  thunder  and  lightning, 
thill  tlicy  might  want  no  water"  {p.  .lil).  If  they  waiided  water,  to 
pnii'iirii  rain  llicy  set  a  black  sheep  tied  in  the  middle  of  a  plain, 
|tiiiniiig  iiiiicli  (tliicaalxmt  it,  and  giving  it  nothing  to  eat  until  it  rained 
(|t,  ;f,il,.  TiiiN  is  iiracticcd  (says  Acosta,  1571-1588)  at  this  day  Id 
niKiiy  iihu't's  ill  the  nunitli  of  October. 

OTIIKK   WEATIIEB  MAKING. 

U  hill  priH'i<ileM  ri'lali's  to  rain  making  or  stopping.  A  somewhat 
uliiilhtr  ni'i'ii'H  of  facts  iH;cnr  among  the  American  Indians  concerning 
iilht'i  I'li'tiii'iilH  111'  lint  wciiDier,  Imtttieir  energies  in  this  direction  seem 
lo  I .|..'i..|r<|  ihiclly  in  tho  control  of  the  winds. 

II  ii|i|i<'iiin  Hull  Ihi^  KiiiiHiiH  gens  of  the  Omaha  are  Wind  iteopIe,aiid 
lnHii'iii  In  iw^iii'i'liilly  liilnislcil  tlio  c^nitrol  of  the  wind.    Mr.  J.  Oweu 

'  •■  II ("111.  1,"  1.1 1',,  V..I,  IJI,  p(iKo208. 

■[> I  A I{i<|>.  Iliiri<nii  of  KtliDoloKf,pag«3Tl. 

'  Ht>kliM  I  li'M'lul)  ».llll<iD.  Vol.  11,  pages  312,313.  .  , 
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Dorsey  aays  the  Eaiize  (Kansa  or  Kaw)  geos  of  the  Omaha  tribe,  being 
"WiDd  people,  "Sap  their  blankets  to  start  a  breeze."'  He  a<ldB  that 
*  when  there  is  a  blizzard  the  other  Kaosa  tribe  of  Indiau  Territory  beg 
the  members  of  the  Wind  gens  to  interpose,  saying,  "O  grandfather, 
I  wish  good  weather.  Cause  one  of  your  cbildreu  to  be  decorated." 
Then  the  youngest  son  of  a  Kanze  man,  say  one  about  i  feet  high,  is 
chosen  for  the  purpose,  ami  painted  with  red  paint.  The  youth  rolls 
over  and  over  in  the  Biiow,  reddening  it  for  some  distance  all  around 
him.    This  is  supposed  to  stop  the  blizzard. 

The  following  account  is  from  a  book  entitled  The  Fourteen  loway 
Indians  (London,  1841),  and  relates  to  raising  wind : 

"  A  packet  ship  with  Indians  on  board,  was  becalmed  for  several  days 
near  the  English  coast.  It  was  decided  to  call  upon  the  medicine  man 
to  try  the  efficacy  of  his  magical  powers  with  tlie  endeavor  to  raise 
the  wind.  After  the  usual  ceremony  of  a  mystery  feast,  and  various 
invocations  to  the  spirit  of  the  wind  and  ocean,  both  were  conciliated 
by  the  sacrifice  of  many  plugs  of  tobacco  thrown  into  the  sea,  and  in  a 
little  time  the  wind  began  to  blow,  the  sails  were  filled,  and  the  vestsel 
soon  wafted  into  port," 

The  Indians  also  have  many  associations  with  thunder.  Madam 
Lucy  Elliot  Keeler,  in  a  pai)er  recently  contributed  to  the  American 
Agriculturist  for  December,  1S02,  says; 

"The  Dakotas  used  to  have  a  company  of  men  who  claimed  the 
exclusive  power  and  privilege  of  fighting  the  thuuder.  Whenever  a 
storm  which  they  wished  to  avert  threatened,  the  thunder  fighters 
would  take  their  bows  and  arrows,  their  magic  drum,  and  a  sort  of 
whistle  made  of  the  wing  bone  of  a  war  eagle,  and,  thus  armed,  run  out 
and  fire  at  the  rising  clond,  whooping,  yelling,  whistling,  and  beating 
their  drum  to  frighten  it  down  again.  One  afternoon  a  heavy  bhick 
cloud  came  up,  and  they  repaired  to  the  top  of  a  hill,  where  they 
brought  all  their  magic  artillery  into  play  against  it;  but  the  undaunted 
thunder  darted  out  a  bright  flash  which  stmck  one  of  the  party  dead 
as  he  was  in  the  very  act  of  shaking  his  long-pointed  laiiiie  against  it. 
After  that  tliey  decided  that  no  human  power  could  quell  the  thuuder," 
■  In  the  Pawnee  Hero  Stories  and  Folk-tales,  itublished  by  George 
Bird  Grinnell,  we  find  the  following: 

"An  old  Pawuee  ludian  said : '  TTp  north  where  we  worshipped  at  the 
time  of  the  first  thunder  we  never  had  cyclones.  Down  here  [Indian 
Territory],  now  that  this  worship  has  been  given  up,  we  have  tliem.' " 

The  Indians  in  somecaseshaveideasof  controlling  the  weather  more 
generally,  and  Dablin,  in  his  Kelation  of  the  Voyages,  Discoveries,  and 
Death  of  Father  James  Marquette,^  writing  in  16Tl-]f>T5,  says: 

"It  now  only  remains  for  me  to  speak  of  the  calumet,  than  which 
there  is  nothing  among  the  Indians  (i.  e.,  the  Illinois|  more  mysterious 
or  more  esteemed.  -  -  •  They  esteem  it  particularly  because  they 
regard  it  as  the  calumet  of  the  sun,  and  in  fact  they  present  it  to  him 
to  smoke  when  they  wish  to  obtain  calm,  or  rain,  or  fair  weather.** 


■  Third  Ann.  Rep.  Bureau  of  Ethnology,  page  241. 
*Hiat.  Coll.  of  LoDislftua,  Part  IV,  1852, pages  31,  35. 
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thoee  familiar  irith  the  Latin- American  conntries,  is  preserved 
anchanged  among  their  desceodants.  Interesting  illustrations  of  it  can 
'  be  picked  np  any  day  even  as  far  north  as  Arizona  and  New  Mexico, 
and  every  traveler  in  Latin- America  has  several  at  his  disposal.  As 
the  quintessence  of  them  all  I  present  a  clipping  from  the  New  York 
Tribuue,  to  which  my  attention  was  called  by  Dr.  T.  C.  Mendenliall.  Se 
non  6  vero  ^  ben  trovato.    The  extract  runs  as  follows: 

"In  the  department  of  Castafias  there  had  been  no  raiu  for  nearly  a 
year,  and  the  people  were  bronght  to  such  a  pass  that  they  were  actu- 
ally dying  for  thirst,  to  Hay  nothing  of  the  total  destnictioii  of  all  crops 
and  other  agricnitural  industries. 

"EI  Fueblo  Cat(31ico,  of  New  San  Savaldor,  prints  a  number  of  reao- 
intions  promulgated  by  the  principal  alcalde  of  the  town  and  department 
of  Castafias.    They  are  as  follows: 

" '  Considering  that  the  Supreme  Creator  has  not  behaved  well  in  this 
province,  as  in  the  whole  of  last  year  only  one  shower  of  rain  fell ;  that 
in  this  summer,  notwithstanding  all  the  processions,  prayers,  aud 
praises,  it  has  not  rained  at  all,  and  consequently  the  cro|)S  of  Castafias, 
on  which  depend  the  prosperity  of  the  whole  department,  are  entirely 
mined,  it  is  decreed : 

'"Article  1.  If  within  the  peremptory  period  of  eight  days  from  the 
date  of  this  decree  rain  does  not  fall  abundantly,  no  one  will  go  to  mass 
or  say  prayers. 

"  'Art.  2,  If  the  drought  continues  eight  days  more  the  chnrches  and 
chapels  shall  be  burned,  aud  missals,  rosaries,  and  other  objects  of 
devotion  will  be  destro^wi. 

"  'Art  3.  If,  finally,  in  a  third  period  of  eight  days  it  shall  not  rain, 
all  the  priests,  Mars,  nuns,  and  saints,  male  and  female,  will  be  beheaded. 
And  for  the  present  permission  is  given  for  the  commission  of  all  sorta 
of  sin  in  order  that  the  Supreme  Creator  may  understand  with  whom 
he  has  to  deal.' 

"The  most  remarkable  feature  of  this  affair  is  the  fact  that  four  days 
after  these  resolntions  were  passed  the  heaviest  rainfall  known  for  years 
was  precipitated  on  the  burning  commnnity." 

II.— FOLKLOBB   ItBMHAKTS.' 

Among  the  many  enrions  remnants  of  folklore  which  we  find  in  con- 
nection with  the  snbject  of  weather  making  none  is  more  curious  than 
the  idea  that  birds  "call  for  rain."  Whenever  this  expression  is  ased 
the  evident  intention  is,  as  is  well  known  to  those  who  are  familiar 
with  this  mode  of  speech,  to  express  the  idea  that  they  demand  the 
raiu,  and  that  rain  is  likely  to  follow  because  of  this  demand.  For 
instance,  the  call  of  the  robin,  heard  so  frequently,  is  interpreted  to 
mean,  "  Bring  out  your  skillet,  bring  out  your  skillet,  the  rain  will  fill 
it"  In  popular  estimation  this  is  a  "  call  for  rain."  This  association 
with  onr  American  robin  is  very  general.  In  Maine  and  Massacbu- 
setta  they  are  said  to  "sing  for  rain"   (Miss  F.  D.  Bergen).    The 

'TbisBeneeof  usooiatiotiB  of  natntal  objeots  wllh  weatbttr  making  in  the  sense 
of  a  weatber  fetiofa— a  weather  maker,  not  eimply  ft  neatber  forecaster—is  taken 
from  the  oolleotiona  of  weathei  proverbs  made  bf  the  Signal  Serrlce  apd  Weather 
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American  quail  is  also  aaid  tu  '*  call  for  raio,"  and  its  cry  ia  inter- 
preted to  be,  "  More  wet,  more  wet"  (Dr.  Bobert  Fletcher).  Tbe  call 
of  the  loou  is  given  tbe  same  meauing  in  bo  widely  separated  localitaea 
a»  Cape  Breton,  the  State  of  Washington,  and  Florida  {Mr.  G.  A. 
Smith).  The  same  iM>wer  is  attribated,  generally  in  tbe  Old  World, 
to  many  other  birds,  as  ducks,  geese,  crows,  and  ravens.  From  Penn- 
sylvania (William  Schrock)  comes  the  qnaiut  conception  expressed  ia 
the  following  rhyme: 

The  gooae  and  tbe  gftoder 

Begin  to  meander; 

The  matter  is  plain, 

Tbey  are  dancing  for  rain. 

But  the  birds  are  Dot  only  effective  iu  making  raia;  they  can  exert 
still  greater  iuduence.  The  kildee,  or  killdeer  plover,  is  said,  in  Mary- 
laud,  to  call  up  the  wiud  by  his  cry  of  "Kildee!  kildee!"  while  to  kill 
liiin  would  cause  a  violent  storm  (Dr.  Fletcher).  The  Kiowa  of  Indian  . 
Territory  attributes  to  the  killdeer  the  bringing  of  spring  (Jamea 
Moouey,  Washiuglou). 

Another  popular  association  between  animals  and  rain  is  the  idea 
that  by  certain  treatuieut  of  some  auimals  definite  results  in  the  way 
of  rain  milking  can  be  obtained.  For  instance,  on  Santee  River,  in 
South  Carolina,  it  in  believed  that  if  you  catch  an  alligator,  tie  him  to  a 
tree,  and  whip  him  to  death  it  will  be  certain  to  bring  rain  (Dr.  W.  W. 
Atiderson),  This  seems  to  be  a  fragment  of  negro  folklore.  InMassa- 
<'.hiisetts  it  is  said  that  if  you  see  or  step  on  a  frog  it  is  a  sore  sign  of 
rain,  while  in  Maine  they  say,  "  Kill  a  frog  and  it  will  rain  before 
morning"  (Miss  F.  D.  Bergen).  This  association  of  rain  with  the  toad 
is  general  over  the  United  States.  Still  another  folklore  remnant  of 
the  same  sort  relates  to  snakes.  It  is  a  curious  fact  that  among  many 
races  the  siiake  is  supposed  to  have  some  relations  with  the  weather. 
Mr.  James  Mooney  says,  "  Tlie  belief  in  a  connection  between  raia  and 
snakes  is  quite  general  among  Indian  tribes.  The  snake  dance  is 
inteuded  to  bring  rain.  The  Indians  of  Indian  Territory  turn  a  dead 
snake  on  its  back  to  bring  rain."  It  is  a  piece  of  negro  folklore  that 
hanging  a  dead  snake  on  a  tree  will  bring  rain  in  a  few  hours.  Farther 
northward  it  runs,  "Hang  up  a  snake  skin  and  it  will  bring  rain." 
This  refers  to  the  cast-off  skin.  In  northern  Illinois  the  expression  is, 
"  Hang  up  a  snake's  cast-off  skin  on  the  crab-apple  tree  and  it  will 
bring  rain."  The  snake  has  played  a  very  important  part  in  weather 
making,  and  to  it  has  been  attributed  many  other  magical  powers. 

Ad  interestiiig  series  of  superstitions  with  reference  to  weather 
making  are  those  which  are  common  to  sailors,  who  have  a  well-known 
half-serious  belief  that  cue  can  raise  wind  by  whistling.  In  New- 
foundland they  say,  "  Stick  a  knife  in  the  mainmast  and  whistle,  and 
it  must  produce  wind."  In  Newfoundland,  also,  they  have  an  idea 
that  if  a  vessel  is  becalmed  wind  can  be  produced  by  throwing  over- 
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board  a  half-penny.  Anotber  notion,  commou  also  to  the  same  sailors, 
is  that  if  you  put  the  end  of  the  sheet  overboard  it  will  produce  wind, 
and  that  if  you  hit  it  three  times  across  the  thwarts  it  will  stop  the 
lain.  Mr.  Kinahan,  illustrating  the  sincerity  of  the  belief  in  the 
power  of  whistling  in  raising  wind,  says:  "In  a  dead  calm  you  may 
whistle  for  wind,  except  in  a  dangerous  place.  Grossing  from  Skib- 
bereen  to  Clear  Island,  County  Cork,  a  friend  of  mine  was  very  nearly 
getting  into  a  row  for  inadvertently  whistling."  This  belief  is  very 
general.  In  California  sailors  say  that  one  may  whistle  softly  for  a 
breeze,  but  that  it  is  daugeroas  to  indulge  in  loadorthoughtless  whist- 
ling as  it  may  bring  a  gale.  Here  the  skipper  scratches  the  mizzen- 
mast  for  a  fair  wind. 

Sailors  profess  great  confidence  in  the  ability  of  the  cat  to  raise  the 
wind,  and  are  accustomed  to  say  that  the  eat  carries  the  wind  in  her 
tail.  Cats  have  the  general  reputation  of  being  very  weatherwise.  On 
shipboard,  especially,  it  is  considered  inipradent  to  provoke  a  cat, 
because  she  is  assnmed  to  have  a  certain  share  in  the  arrangement  of 
the  weather.  Imprudence  of  this  sort  appears,  however,  to  have  no 
terrors  for  the  Soudanese  in  western  Java,  for,  when  rain  is  needed, 
they  form  in  procession  with  gonga  and  clappers,  tajce  their  cats  to  the 
nearest  streams,  where  the  animals  are  sprinkled  and  bathed.' 

Many  sailors  also  have  a  very  curious  notion  that  hens'  eggs  on  board 
ship  produce  contrary  winds,  and  on  the  occnrrence  of  such  winds  they 
are  likely  to  insist  that  the  eggs  must  be  thrown  overboard. 

Another  of  these  folklore  remnants  of  sailors  is  the  idea  that  tliero 
is  a  distinct  relation  between  the  albatross  and  wind.  This  sui>er8tition 
has  been  embalmed  in  most  attractive  form  by  Coleridge  in  his  Lay 
of  the  Ancient  Mariner.    One  stanza  runs  as  follows: 

For  all  averred  I  hod  killed  the  bird 

That  made  the  breeze  to  blow. 
Ob,  wretch  t  said  they,  the  bird  to  alaj 

That  made  the  breeze  to  blow. 

In  addition  to  the  above  folklore  remnants  there  are  some  methods 
which  are  purely  magical.  The  earliest  reference  of  this  sort  which  I 
have  found  is  the  case  of  86pater.  He  is  said  to  have  caused  a  horrible 
famine  in  Asia  Minor  by  "chaining  the  winds."  He  was  put  to  death 
by  Constantine— ^probably  for  this  reason,  as  this  crime  was  forbidden 
by  the  laws  of  the  Twelve  Tables,  as  well  as  later  in  the  Theodosian 
code. 

The  association  of  weather  making  with  the  witches  in  Finland  is 
familiar.  Steele,  in  his  Medieval  Lore,  from  Bartholomew  Anglicus 
(about  1260),  referring  to  the  iieople  in  Finland,  says: 

"The  men  -  -  -  occupy  themselves  with  witchcraft,  and  so  to 
men  that  sail  by  their  coasts,  and  also  to  men  that  abide  with  them 
for  default  of  wind ;  they  prefer  wind  to  sailing,  and  so  they  sell  wind. 

Eastern  Archipelago,  page  75. 
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They  osed  to  make  a  clae  [skein]  of  thread,  and  they  make  diT^s  knots 
to  be  knit  therein,  and  then  they  command  to  draw  out  of  the  cine  to 
three  knots,  more  or  less,  as  they  ^111  have  the  wind  more  eoft  or  strong; 
and  for  their  misbelief  fiends  move  the  air  and  arise  strong  tempests, 
or  soft,  as  they  draweth  of  the  clae  more  or  less  knots;  and  sometimes 
they  move  the  wind  so  strongly  that  the  wretehes  that  believe  in  sach 
doings  are  drowned  by  the  rightful  doom  of  God." 

The  elder  bush  is  especially  associated  with  weather  making.  The 
witches  were  thoaght  to  make  bad  weather  by  stirring  water  with 
branches  of  the  elder. 

Still  another  remnant  of  ancient  anperstition  is,  according  to  Anbrey 
(169C),to  the  eflfect  that  "On  Malvern  Hills,  in  Worcestershire,  and 
thereabouts,  when  they  farm  their  corn  and  want  wind  they  cry  <YonIe! 
youie!  youle!'  to  invite  it,  which  word,  no  doubt,  is  a  corruption  of 
.^olna,  the  god  of  the  winds."    (Dr.  B.  Fletcher.) 

III.— Physical  Methods. 

WEATHEB  MAKEE8. 

What  precedes  relates  to  purely  psychic  methods  of  controlling  the 
weather  or  the  elements.  The  collection  which  it  presents  has  been 
made  in  no  spirit  of  disrespect,  but  solely  in  that  of  the  collection  and 
scientific  comparison  of  facts.  I  have  great  respect  for  all  sincere  reli- 
gious belief  and  great  interest  in  folklore  remnants — fragments  of  what 
have  once  been  great  psychic  structures — mina  about  the  tombs  of  the 
ancients.  What  follows  is  intensely  fin  de  si^le  and  treats  of  the  par- 
adoxer  in  a  well -developed  stage.  The  paradoxer  deserves  a  respect  to 
be  measured  by  tbe  sufficiency  of  his  information  and  the  correctness 
of  iiis  logic.  He  is  a  possible  benefactor  of  the  world,  a  potential  great 
man.  Galileo  was  a  paradoxer — very  unwelcome  to  the  Aristotelians 
of  his  time.  Kepler  was  a  rank  paradoxer  to  his  contemporaries,  and 
Newton  was  a  paradoxer  to  the  Cartesians  of  his  day. 

Time  will  not  be  spent  on  rash  paradoxers  in  the  field  of  weather 
making.  We  shall  only  consider  those  who  have  some  sach  gaarantee 
as  a  patent,  an  appropriation,  or  genuine  learning.  As  an  illastratiou 
of  the  rash  paradoxers,  I  will  simply  mention  two,  one  the  man  who 
proposed  to  destroy  blizzards  by  a  line  of  coal  stoves  along  our  northern 
boundary  from  Bed  Biver  to  the  Continental  Divide,_aud  the  other  a 
man  who  proposed  to  ameliorate  the  weather  of  New  England  and  tbe 
Canadian  provinces  by  damming  the  Strait  of  Belle  Isle. 

WEATHER  HASniQ, 

We  pass  first  to  the  treatment  for  tornadoes.  M.  Weyher  has  made 
laboratory  tornadoes  of  a  mild  and  gentle  character,  but  they  contain 
no  suggestion  as  to  how  to  treat  this  pathologic  phenomenon  of  the 
weather, 
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A  treatment  has  been  suggested,  whicli  is  heroic  and  may  possibly  be 
effective.  It  is,  however,  a  local  application,  and  tbe  chief  difficulty  is 
to  bave  it  ready  vheu  and  where  wanted.  Tbe  method  proposed  is  that 
of  a  great  explosion  in  tbe  tornado  itself.  Many  plans  have  been  sng- 
gested,  and  two  patents  have  been  granted.  I  will  consider  the  first, 
that  of  Mr.  J.  B^  Atwater,  of  Chicago  {No.  370845,  1S87).  A  strong 
box  with  a  doable  bottom  is  firmly  supported  on  a  pole  erwted  at  a 
suitable  point,  probably  a  mile  or  so  southwest  of  the  village  to  be  pro- 
tected. Tbe  upper  bottom  is  fixed,  and  the  space  above  it  is  fllled  with 
an  explosive  and  firmly  closed.  In  holes  in  the  upper  bottom  are 
inserted  fulminating  caps,  and  these  project  below  its  lower  surface. 
The  lower  bottom  slides  up  and  down.  Then,  if  a  high  wind  drives  the 
lower  bottom  against  the  upper  with  sncb  force  as  to  flash  the  caps, 
tbe  explosion  follows,  and  the  tornado  (if  present)  suffers  tbe  effects 
which  a  tornado  will  suffer  when  a  powerful  explosion  occurs  in  its 
immediate  vicinity. 

What  these  effects  will  be  we  do  not  yet  know.  It  is  said,  with 
enough  repetition  to  make  it  fairly  worthy  of  credence,  that  a  cannon 
fired  into  a  waterspout  destroys  the  latter.  If  such  a  disturbance 
destroys  the  gentler  waterspout,  it  may  be  worth  while  to  try  a  larger 
one  on  the  more  intense  tornado.  Perhaps  it  will  be  effective ;  we  can 
be  more  ])ositive  when  it  has  been  tried. 

Many  other  schemes  have  been  proposed  for  the  control  of  the  ele- 
ments of  the  weather.  Most  of  them  have  an  objectionable  side,  notably 
in  rain  making,  which  can  be  pointed  out  here  as  well  as  elsewhere. 
It  is  this:  The  phenomenon  to  be  produced  probably  can  not  be  con- 
trolled as  to  area  covered,  and  may  occur  where  it  is  not  wanted.  If 
we  are  clothing  merchants  and  I  carry  over  too  large  a  stock  of  winter 
clothing  into  late  spring,  I  may  order  a  cold  wave  to  help  me  reduce 
my  stock.  But  you  may  have  exhausted  your  winter  stock  and  wish  to 
have  warm  weather-to  start  your  summer  stock.  My  cold  wave  affects 
your  trade  seriously;  I  may  be  sued  for  damages.  Such  a  state  of 
things  is  said  to  have  actually  happened  in  Kansas,  where  a  rain  maker 
was  refused  payment  by  his  employer  because  of  failure  of  coptract, 
and  was  sued  by  a  neighbor  of  the  employer  because  his  crops  were 
washed  out  of  the  ground.  Should  the  weather  maker  prosper  he  will 
often  find  himself  very  mach  embarrassed  until  our  lawmakers  have 
caught  up  with  our  advance  in  the  arts,  and  tbe  volume  of  the  statute 
books  has  been  materially  enlarged. 

BAIN  MAKING. 

We  come  now  to  the  subject  of  rain  making,  which  has  attracted 
more  attention,  been  more  tried,  and  has  more  history  than  any  other 
one  method  of  weather  making.  It  has  attained  the  dignity  of  at  least 
two  patents  and  two  Congressional  appropriations.  A  bibliography  of 
the  subject  is  appended,  containing  sixty-four  titles,  two  of  which  refer 
to  books  devoted  to  this  subject,  by  Power  and  Gathman,  respectively. 
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First  method. — To  clear  the  way  for  the  American  history  we  may 
note  here  as  metbod  No.  1  a  Freach  method  reported  in  the  Gomptea 
Bendus  for  October  23,  1893.  M.  Baudoain  seut  a  note  to  the  French 
Academy  of  Sciences  in  which  he  wrote  that  in  Algeria,  earlier  in  that 
year,  he  osed  a  kite  to  obtain  electric  connection  with  a  cloud  at  the 
height  of  about  4,000  feet.  As  soon  as  this  connection  was  made  a 
few  drops  of  rain  fell  and  a  local  fog  formed.  These  disappeared  ou 
breaking  the  connection,  prasnmably  by  withdrawing  the  kite  from  the 
cloud.  M.  Baudouin  bad  obtained  some  rain  in  Algeria  iu  1876  by  the 
same  method.  I  know  of  no  other  experiments  in  this  direction,  nor  do 
they  involve  anything  in  opposition  to  knowledge  already  acquired. 
It  is  a  fair  field  for  experiment,  and  it  is  remarkable  that  M,  Baudouin's 
exi>eriments  have  not  attracted  more  attention  iu  the  United  States. 

Second  method. — A  second  proposed  method  of  obtaining  rain  is  by 
means  of  great  flres.  With  this  proposal  the  name  of  a  Pennsylvania 
meteorologist,  James  P.  Espy,  is  inseiiarably  connected.  In  1841  be 
published  a  Philosophy  of  Storms,  in  which  he  enlarged  on  this  idea 
previously  propounded  by  him  in  occasional  articles  dating  ft-om  1838. 
The  idea  was  not  new,  for  DobrizboSter,  a  Jesuit  missionary  in  Sontb 
America,  in  bis  Account  of  the  Abi]K)nes  {first  published  iu  1784), 
says  that  these  Indians  produced  rain  by  setting  fire  to  the  plains. 
Indeed  the  i<lea  has  been  and  is  generally  entertained,  and  in  the  West 
has  crystallized  into  the  weather  proverb,  "A  very  large  prairie  fire  will 
cause  rain."  To  show  something  of  the  character  of  the  testimony  ou 
which  Espy  relied  we  shall  »iuot«  the  story  of  George  Mackay  as  given 
in  a  letter  to  Es))y  and  priuted  by  him  in  his  Fourth  Met«oroIogical 
Keport  (pp.  .'S2-34).    Mr.  Mackay  says; 

"  In  1845  I  was  engagetl  in  the  public  survey  on  the  Atlantic  coast 
of  Florida.  Sometime  in  April  (the  time  of  the  dry  season  there, 
which  lasts  up  to  June)  I  was  running  a  township  line  between  lati- 
tudes 2U<>  and  27°,  about  5  miles  from  the  sea.  The  weather  was 
oppressively  warm  that  day.  There  was  not  air  enough  stirring  to 
move  an  aspen  leaf.  We  found  our  line  must  pass  through  a  saw-grass 
pond,  containing  about  500  acres.  In  ponds  of  this  description  the 
gi-een  grass  at  the  top  shoots  up  from  5  to  C  feet  in  height,  and  when  the 
region  has  not  been  for  some  years  swept  clear  by  fli-es  the  dead  and 
dry  growths  of  preceding  seiisous  accumulate  under  the  latest  growth, 
and  are  often  foand  there  from  2  to  4  feet  iu  depth.  They  are  exceed- 
ingly intlammahle.  Whenlightedindry  weather  they  burn  with  fright- 
ta\  rapidity  and  violence.  Whenever,  in  our  explorations,  we  came  opon 
a  ]ilace  of  this  description  we  could  only  pass  our  line  by  cutting  away 
the  lorty  fresh  grass  and  wading  (or  rather  wallowing)  through  the 
mud  and  the  underruhbisb.  On  the  duy  in  question  we  determined, 
as  it  was  so  hot,  that  to  save  ourselves  tiouble  we  would  burn  our  way 
through.  I  had  then  no  thought  of  your  theory.  Iu  order  to  prevent 
the  tiames  from  running  over  the  woods,  through  which  we  were 
obliged  to  pass,  we  communicated  them  at  once  to  both  sides  of  the 
8i)ot  we  desired  to  open,  that  they  might  converge  and  combine  in  its 
center  and  not  scatter  latterally.  In  a  very  few  minutes  an  awful  blaze 
swept  over  the  entire  surlace  which  we  had  marked  out  for  oar  purpose. 
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We  then  crossed  our  line.  Ere  we  had  proceeded  over  40  chains  a 
<leligbtful  breeze  sprang  np  and  coo1e«l  the  atmosphere,  and  itresently 
a  rettesliiDg  shower  sparkled  in  the  bright  rays  of  the  sun.  All  this 
escUed  no  further  observation  than  that  it  had  not  rained  there  before 
for  a  long  time.  I  myself  did  not  observe  any  smoke  nor  the  formation 
of  any  cloud. 

"Oar  work  went  on  for  some  days  without  a  repetition  of  our  short 
eut  at  pioneering,  some  objection  having  been  n]a<lewhen  another  bnrn- 
ing  wa«  proiMised,  because  the  iirst  one  had  rendered  it  difticult,  after 
crossing  the  lines,  to  distinguish  the  white  men  from  the  negroes.  At 
length,  however,  the  pleasant  bree/es  ceased,  which  had  made  tlie 
weather  for  a  while  endurable,  and  the  still  air  and  intense  heat 
returned,  and  with  them  constant  murmurs  Irom  the  men,  especially  the 
negroes,  whose  duty  it  was  to  cut  lines  and  mark  trees.  We  were  now 
on  the  confines  of  a  saw-grass  pond,  and  a  much  more  formidable  one 
than  any  we  hml  yet  encouutored.  Being  surrounded  by  a  cj-press 
swamp,  we  concluded  that  it  ha^l  never  yet  been  burned.  My  assistant, 
Capt.  Alexander  Mackay,  who  was  standing  by  my  side,  mentioned  his 
having,  in  our  late  contlagration,  observed  the  formation  of  a  cloud  at 
the  apex  of  the  smoke.  He  added  that  it  had  frequently  since  brought 
to  his  mind  some  account  which  he  hatl  read  of  I^rofessor  Espy's  theory. 
Ue  suggested  that  there  could  not  be  a  better  opportunity  than  this  to 
put  the  theory  to  the  test,  and  being  fond  of  a  joke,  he  said  he  would 
like  to  astonish  the  superstitious  negroes  and  to  make  them  believe 
that  he  could  call  together  the  clouds  and  bring  down  rain.  So  we 
determined  to  make  the  experiment. 

"  When  our  party  was  all  gathered  at  the  halting  place  complaints 
of  the  extreme  heat  went  anjund,  and  all  unanimously  agreed  that  a 
more  contined  and  oppressive  day  had  never  been  known  to  them.  To 
tliese  complaints  the  usual  wishes  for  '  a  little  breath  of  air '  and  '  a  few 
drops  of  rain'  succeeded.  '  Cut  through  this  pond,' exclaimed  the  Cap- 
tain, 'and  I  will  bring  you  more  than  a  few  drops  of  rain;  I'll  give  you 
a  plentiful  shower  and  a  breeze,  too,  that  shall  wake  you  up.  Come, 
boys,  cut  away,  and  when  you've  done  you  shall  wash  off  the  dust  in  a 
cold  bath  fiom  the  skies.'  Tfaey  stared  up  and  around;  notacloudas 
large  as  a  man's  hand  waB  to  be  seen,  and  they  looked  back  at  the  Cap- 
tain with  a  good-natured  grin  of  incredulity,  'llo,  ho!  ha,  ha!  Cap- 
tain make  cloud  out  o'  nuffin';  he,  he!  Captain  bring  water  all  dis  way 
fromdeseaf  no,bo!  ha,ha!  he,he!'  Wliereui)ontheCaptainaffected 
to  be  very  indignant.  To  hasten  his  victory  I  ordered  the  grass  to  be 
set  on  lire.  The  flames  soared  forthwith  above  the  tallest  trees:  a 
dense  volume  of  smoke  mounted  upward  spirally;  the  grass  soon  dis- 
appeared; we  crossed  over.  As  the  smoky  column  brokeand  thecloud 
began  to  form,  the  Captain  traced  a  large  circle  in  ttie  sand  around 
him,  and  pliuied  himself  in  its  center,  making  fantastic  figures  and 
forming  cabalistic  phrases  out  of  broken  French.  Still  was  the  cloud 
unnoticed.  All  eyes  were  riveted  upon  the  Captain,  who  stood  gazing 
at  the  earth  and  shaping  outlines  of  devils  there.  At  this  .juncture 
came  a  roll  of  distant  thunder.  Every  glance  instantly  turned  upward; 
a  cloud  was  spreading  there;  the  thunders  increased;  the  lightnings 
dashed  more  vividly;  the  knees  of  the  negroes  shook  together  with 
alarm.  Already  was  the  rain  descending,  and  in  torrents,  though  the 
clear  sky  could  be  seen  in  all  directions  under  the  cloud.  The  Captain 
meanwhile  maintained  his  mystical  attitude  and  continued  his  wild  and 
extraordinary  evolutions.  Some  of  the  whites,  who  were  in  the  secret 
of  the  hoax,  fell  upon  their  knees,  and  were  imitated  by  Uie  negroe' 
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whose  fears  aagmentiDg  a»  the  atonn  grew  fiercer,  vith  clasped  hands 
fastened  apoa  the  Captain  a  stare  of  awe  and  deprecation.  In  ebort, 
the  scene  presented  a  more  complete  triomph  of  phUoeophy  over  igno- 
rance than  I  could  bare  supposed  it  possible  to  have  been  prodaced 
anywhere  in  the  nineteenth  centur}',  and  most  especially  anywhere  in 
our  enlightened  Kepnblic, 

"We  often  fired  the  saw -grass  marsbee  afterwards,  and  whenever 
there  was  no  wind  stirring  we  were  anre  to  get  a  shower;  and  I  say 
with  perfect  confidence  that  we  never  had  a  shower  in  April  or  May  at 
any  other  time.  ^Sometimes  when  there  was  a  breeze  it  would  carry 
the  smoke  toward  the  horizon,  where  there  woold  seem  to  be  a  fall  of 
rain." 

Espy  dwelt  on  this  theory  with  great  devotion,  and  in  1845  pab- 
lisbed  a  special  letter  addressed  "  To  the  fiiends  of  science,''  in  which 
lie  propo.se(i  a  plan  for  practical  rain  production.  As  the  paper  in 
qoestiou  is  now  ver\'  rare  and  his  plan  possesses  some  features  of  inter- 
est, I  quote  it  here:' 

"  Let  masses  of  timber  to  the  amount  of  40  acres  for  every  20  miles 
be  prepared  an<l  fired  simiiltaneonsly  every  seven  days  in  the  snmmer 
on  the  west  of  the  United  States,  in  a  line  of  600  or  700  miles  long  firom 
north  to  south ;  then  tbe  following  results  seem  highly  probable,  but 
not  certain  until  the  experiment  is  made:  A  rain  of  greav  length  north 
and  south  will  commence  near  or  on  the  hue  of  fire;  this  rain  will 
travel  eastward;  it  will  not  break  up  till  it  reaches  far  into  the 
Atlantic  Ocean;  it  will  rain  over  the  whole  conntrj- east  of  theplaceof 
beginning;  it  will  rain  only  a  short  time  in  any  one  place;  it  will  not 
rain  again  autil  the  next  seventh  day;  it  will  rain  enough  and  not  too 
mnch  in  any  one  place;  it  will  not  be  attended  with  violent  wind, 
neither  on  landnoron  the  Atlantic  Ocean;  there  will  be  no  hail  nor  tor- 
nadoes at  the  time  of  tlie  general  rain  nor  intermediate;  there  will  be 
no  destructive  flooda,  nor  will  the  waters  ever  become  very  low;  there 
will  be  no  more  opiiressive  heats  nor  injurious  colds;  the  farmers  and 
mariners  will  always  know  before  the  mins  when  they  will  commence 
and  when  they  will  terminate;  all  epidemic  diseases  originating  from 
floods  and  sabsequent  droughts  will  cease;  the  proceeds  of  agriculture 
will  be  greatly  increased,  and  tbe  beiilth  and  happiness  of  tbe  citizens 
will  be  much  promoted.  These,  I  say,  are  the  probable — not  certain — 
results  of  tlie  plan  proposed — a  jilaa  which  could  be  carried  into  oper- 
ation for  a  sum  which  would  not  amount  to  half  a  cent  a  year  to  each 
individnal  in  the  United  States;  a  plan,  which,  if  successful,  would 
benefit  in  a  high  degree  not  merely  the  landsman,  but  every  mariner 
that  plies  the  Atlantic.  If  this  scheme  should  appear  too  gigantic  to 
commence  with  let  the  trial  be  tirst  made  along  the  Alleghany  Moun- 
tains; and  let  40  acres  of  four  10- acre  lots  be  fired  every  seven  days 
through  tbe  summer  in  each  of  the  counties  of  WcKean,  Clearfield, 
Cambiia,  and  Somerset,  in  Pennsylvania;  Allegany,  in  Maryland,  and 
Hardy,  Tendleton,  Bath,  Alleghany,  and  Montgomery,  in  Virginia. 
The  10-acre  lots  should  be,  at*  nearly  as  convenientj  from  1  to  4  miles 
apart,  in  the  form  of  a  square,  so  that  the  up-moving  column  of  air 
which  shall  be  formed  over  tbcm  may  have  a  wi<le  base,  and  thus  may 
ascend  to  a  considerable  height  before  it  may  be  leaned  out  of  the  per- 
pendicular by  any  wind  which  may  exist  at  the  time." 

Espy's  theory  was  practically  the  modern  convective  theory  of  storms, 
and  to  this  most  worthy  student  of  science  is  due  the  credit  of  f-^iing 
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effective  attention  to  tbe  part  which  the  condensation  of  aqaeouB  vapor 
plays  in  tbe  mechanism  of  Btorms. 

Third  method. — Another  proposed  method  of  mailing  rain  artificially 
is  that  of  L.  Gathman,  of  Chicago,  patented  in  1891  (No.  462795).  His 
method  is  to  "  suddenly  chill  the  atmosphere  by  rapid  evaporation,  and 
it  is  also  advisable  to  produce  a  heavy  concttssion  in  counection  with 
the  cooling  in  order  to  set  the  different  air  currents  in  motion.  It  is 
obvious  that  sadden  and  rapid  evaporation  in  the  upper  regions  of 
tbe  atmosphere  could  be  accomplished  in  various  w^s  by  the  evapora- 
tion of  various  highly  compressed  gases;  but  tbe  evaporation  conse- 
quent upon  tbe  release  of  liquefied  carbonic  acid  gas  is  thought  to  be 
the  most  efficient."    He  proceeds: 

"  In  accoidance,  therefore,  with  my  invention,  liquefied  carbonic  acid 
gas  is  liberated  in  the  upper  regions  of  the  atmosphere  and  will,  of 
course,  instantly  evaporate  and  spread  out  in  a  sheet  of  vajwr  of  au 
extremely  low  temperature  and  produce  a  cloud.  The  surrounding 
atmosi>here  will  be  chilled  by  its  proximity  to  the  cold  vapor,  and  the 
moisture  in  the  atmospliere  will  be  condensed  thereby.  The  condensa- 
tiun  takes  place  in  large  qaantities  and  with  great  rapidity,  so  that  a 
cloud  is  formed  that  will  precipitate  a  rainfall  upon  the  eiwth. 

"The  liquefied  carbonic  acid  gas  can  be  confined  in  a  suitable  shell 
or  casing,  said  casing  also  to  contain  an  explosive — gunpowder,  dyna- 
mite, etc. — which  is  thrown  or  shot  into  the  upper  regions  of  the  atmas- 
phere  and  there  exploded  by  a  time  fuse.  A  balloon,  moreover,  could 
be  employed  to  elevate  tbe  shell  or  casing  containing  the  liquefied 
carbonic  acid  gas,  and  tbe  explosion  to  liberate  the  gas  could  be  made 
by  an  electric  current  controlled  by  persons  upon  tbe  earth." 

Mr.  Gatbmau  also  published  a  little  book  in  which  were  reproduced, 
with  approval.  Professor  Xewconib's  article  entitled,  "Can  we  make  it 
rain  1"  and  Professor  Houston's  "Artificial  rain  making."  In  this  book 
we  learn  that  Mr.  Oathman  has  been  occupied  with  the  use  of  con- 
densed carbon  anhydride  to  cool  heavy  guns,  and  was  led  to  his  theory 
bythe  results  of  bis  experiments  with  ordnance.  He  also  experimented 
on  his  method  of  rain  making,  and  says  (p.  3S): 

"In  making  some  experiments  last  year,  a  shell  filled  with  liquefied 
carbonic  acid  gas  was  exploded  at  a  height  of  000  feet;  a  cloud  was 
produced  in  the  clear  sky  at  once,  and^  fioating  along  on  a  current  of 
air,  was  visible  for  miles.  This  experiment  was  made  in  July,  1890, 
and  since  that  time  I  have  ma^le  sufficient  other  experiments  to  satisfy 
myself  that  I  can  produce  rain  whenever  necessary,  or  at  will.  Exper- 
iments made  in  my  astronomical  observatory,  at  a  height  of  only  75 
feet,  have  proven  that  by  the  evaporation  of  liquefied  carbonic  acid  gas 
a  rain  shower  on  a  small  scale  can  be  produced  with  bnt  a  small  quan- 
tity of  the  gas.  When  completed  arrangements  have  been  made,  the 
experiments  mentione<l  will  be  seen  to  be  but  a  step  to  the  practical 
illustration  on  a  grand  scale.'' 

It  appears  that  iu  Oathman's  method  the  explosion  plays  a  very  sub- 
ordinate part;  but  in  the  method  to  follow  tbe  explosion  is  tbe  main,  if 
not  the  only,  thing. 

Fourth  method. — The  concussion  theory  is  probably  an  old  one, 
thongh  it  is  not  correct  to  refer  it  to  Plutarch,  as  is  sometunes  don 
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In  liin  life  of  Marius,  relerriog  to  the  battle  with  tbe  Teutons  near  Aix, 
ID  July,  102  B.  0.,  Plutarch  says:  "Estraordinary  rains  pretty  gen- 
erally fall  after  great  battles;  whether  it  be  tbat  some  divine  power 
tliuH  washes  aud  cleanses  the  polluted  earth  with  showers  fh>m  above) 
or  tliat  moist  and  heavy  evaporations  ateaming  forth  from  tbe  blood 
and  corruption  thicken  the  air,  which  naturally  is  subject  to  alteration 
from  the  smallest  causes."'  Here  are  two  distinct  suggestions  for  rain 
making,  but  not  that  of  concussion. 

The  llrst  elaborate  treatment  of  the  coucossioo  theory  appears  to 
have  been  by  Kdward  Powers,  civil  engineer,  who  published  in  1890  a 
book  on  the  relations  of  battles  to  rainfall,  Tbe  first  edition  was 
priut«d  in  Chicago  in  1871,  but  most  of  the  edition  was  destroyed  by 
the  great  flre  in  that  city,  which  also  destroyed  the  stereotype  plates- 
Tito  lat4;Ht  issue  .seen  by  me  contains  an  inset  of  15  pages  devoted  to 
a  criticism  of  Professor  Newcomb's  article  already  mentioned.  The 
aim  of  this  book  is  to  prove  that  great  battles  or  heavy  cannonading 
»ro  usually  soon  followed  by  rainfall.  A  fair  criticism  of  the  book  is 
that  such  phenomena  are  not  invariably  followed  by  rain.  The  coinci- 
dences could  be  explained  by  tbe  fact  that  in  the  season  of  military 
operations  rain  is  usually  falling  somewhere  in  ea-stern  United  States; 
that  in  fact  it  is  not  clear  but  that  the  rain  is  a  pure  coincidence.  The 
argument  is  not  conclusive.  Indeed,  it  is  only  fair  to  say  that  under 
tbe  conditions  involved  it  could  not  be  made  conclusive.  Mr.  Powers, 
however,  did  not  despond,  but  used  bis  utmost  entleavors  to  bring  the 
matter  to  a  test.  For  this  purpose  he  persuaded  Senator  Parwell,  in 
1874,  to  present  a  petition  to  Congress  asking  that  the  theory  be  tried. 
This,  with  a  previous  petition  to  which  be  refers,  seems  to  have  been 
without  response  on  the  part  of  Congress. 

Later,  aud  apparently  independently,  the  matter  was  taken  up  by 
(len.  Daniel  Itugglee,  of  Fredericksburg,  Va.,  who  obtained  a  patent 
in  18811  (No.  230067)  on  making  rain  by  explosions  in  the  clouds.  His 
claim  runs: 

"  The  nature  of  my  invention  consists  in  sending  one  or  more  balloons 
into  the  clond  realms,  said  balloon  or  balloons  carrying  torpedoes  and 
cartridges  charged  with  explosives,  and  there  to  explode  or  detonate 
th»^m  by  magneto- electric  or  electric  force  through  -metallic  wire,  tex- 
tile conlago,  or  by  the  fuse,  or  by  mechanical  force,  in  order  to  precipi- 
tate raiufull  by  concussion  or  vibration  of  the  atmosphere." 

General  Euggles  succeeded  in  bringing  the  matter  before  Congress, 
but  did  not  sacceed  in  getting  an  appropriation.  His  plan  was  much 
discussed  in  the  newspapers  at  the  time,  but  does  not  seem  to  have 
reachc<l  tbe  experimental  stage. 

Senator  Farwell,  however,  continued  his  interest  in  the  matter,  and 
in  1800  finally  succeeded  in  obtaining  an  appropriation,  first  of  $2,000, 


>  riiitarch's  Lives/  Cloagh's  revision,  Am.  Book  Exchange  editioo,  1881,  pagea 

»,391. 

n,g:,.-ndtyG00gic 


WEATHEB  UAKINO,  ANCIENT  AND  MODBKH.  265 

then  of  17,000,  for  carrying  on  the  expert  men  tB,  some  of  which  be  had 
already  had  made  at  bis  own  expense.  The  apiiropriation  assigned  the 
conduct  of  the  experiments  to  the  Department  of  Agriculture,  and  the 
Secretary  selected  K.  G.  Dyrenforth  for  the  work.  The  experiments 
were  carried  on  in  the  vicinity  of  Washington  and  in  Texas.  A  report 
from  Mr.  Dyrenfortb  was  published  by  Congress  in  1892.  At  the  next 
session  of  Congres.s  another  appropriation  of  (10,000  was  made  for  this 
parjtose,  of  wbieb  the  sum  of  $4,913.59  was  expended,  as  before,  under 
Uyrenforth's  direction,  the  remainder  having  been  covered  back  into 
the  Treasury. 

Mr.  Dyrenforth'»  methods  were  highly  ingenious.  He  used  a  variety 
of  explosives,  on  the  ground  and  in  tbe  air,  by  great  single  explosions 
and  by  volleys.  He  introduced  many  novelties,  among  them  that  of 
exploding  the  gas  in  the  balloon  itself  when  high  in  the  air.  His  con- 
clusions, as  stated  by  himself  in  bis  first  report,  were  (p.  59): 

"First.  That  when  a  moist  cloud  is  present,  which,  if  undisturbed, 
woald  pass  away  without  precipitating  its  moistnre,  the  jarring  of  the 
cloud  by  concussions  will  cause  the  particles  of  moistnre  in  suspension  to 
agglomerate  and  fall  in  greater  or  less  quantity,  according  to  the  degree 
of  nioistuesa  of  the  air  in  and  beuentb  tlie  cloud. 

"  Second.  That  by  taking  advantage  of  those  j«riods  which  frequently 
occur  in  droughts,  and  in  most  if  not  in  all  sections  of  the  United  States 
where  precipitation  is  insufficient  for  vegetation,  and  during  which 
atmospheric  conditions  favor  rainfall,  without  there  being  actual  rain, 
precipitation  may  be  caused  by  concussion. 

"T^ird.  That  under  the  most  unfavorable  conditions  for  precipita- 
tion, conditions  which  need  never  be  taken  in  operations  to  produce 
rain,  storm  conditions  may  be  generated  and  rain  be  induced,  there 
being,  however,  a  wasteful  expenditure  of  both  time  and  material  in 
overcoming  unfavorable  conditions." 

His  second  rejwrt  has  not  been  published,  but  I  infer  that  his  second 
series  of  observations  were  believed  by  him  to  confirm  the  results  of  the 
first. 

Mr.  Dyrenforth  generally  omitted  one  check  which  he  might  well 
have  employed,  and  which  I  personally  urged  him  to  employ.  Experi- 
ments of  this  sort,  made  in  the  free  air,  with  the  accompanying  condi- 
tions not  under  control,  should  be  accompanied  with  every  possible 
check;  and  one  self-evident  and  very  necessary  one  is  the  observation 
of  a  physicist  familiar  with  the  met«orologic  side  of  physics.  Such  an 
expert  (Mr.  O.  E.  Curtis)  accompauied  the  party  in  its  first  experiments. 
His  report  (except  the  bare  meteorologie  record  made  during  the  exper- 
iments) does  not  accompany  Dyrenforth's  document.  It  was  pre- 
sented, however,  to  the  Fhilosopbical  Society  of  Washington,  and  was 
printed  elsewhere.  Mr.  Curtis  says,  substantially,  that  an  explosion  in 
a  cloud  brings  down  a  few  scattering  drops  of  rain,  and  this  may 
happen  even  with  an  explosion  on  the  ground,  if  heavy.  Otherwise  he 
says  there  was  no  rain  making.  It  is  bat  fair  to  say  that  with  Mr. 
Dyrenforth's  report  are  given  the  refwrts  of  his  assistants  -Mr.  John 
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make  Lim  anconsciouBly  color  his  report.    Hia  couclusions  were  adverse 
to  the  raiii  makers. 

Referring  in  general  to  tbe  experimeata  in  Texas,  one  fact  has  been 
generally  overlooked.  Tbe  rainfall  in  western  Texas  is  always  small, 
but  it  is  subject  to  its  maxima  and  minima,  like  other  regions.  Now, 
tbere  is  a  rainfall  season  in  July  and  Augnst  in  Arizona  and  New 
Mexico,  and  this  reaches  western  Texas.  Thirty  per  cent  of  the  annual 
rainfall  descends  in  these  two  months  along  the  eastern  border  of  New 
Mexico  and  in  the  western  angle  of  Texas.  At  El  Paso  this  percentage 
is  40.  This  maximum  passes  gradually  eastward  and  is  found  in  the 
BOntheastem  part  a  September.  Tbe  experiments  in  the  western  part 
of  Texas  in  1S91  were  in  September,  fairly  in  tbe  time  of  this  maxi- 
mum. There  is  another  maximum  of  rainfall  in  Texas  in  November. 
This  is  in  tbe  northeastern  part  of  tbe  State.  Tbe  second  series  of 
rainfall  experiments  in  Texas  was  in  November,  1892,  at  San  Antonio. 
The  maximum  here  occurs  in  September,  but  tbere  is  in  November  au 
average  (for  twenty-foar  years)  of  2.5  inches,  or  one-twelfth  of  the 
annual  3(t.6  incbea.  There  is  a  high  relative  probability  of  rain  nat- 
urally in  September  in  the  region  of  tbe  experiments  in  1S91,  and  there 
is  an  even  chance  of  it  in  the  region  of  1892.  To  test  the  theory  of 
rain  making  in  Texas  the  months  might  have  been  better  ehosen;  yet 
it  is  but  fair  to  say  that  the  rainfall  in  western  Texas  is  very  fluctu- 
ating, as  it  comes  generally  in  local  storms. 

Fifth  method. — There  h  another  method  of  rain  making  which  is  still 
a  mystery,  but  which  deserves  mention  because  it  bas  been  submitted 
to  actual  test.  I  have  not  been  given  permission  to  use  names  in  this 
case,  and  will  only  guarantee  that  tbe  letter  which  1  quote  came  from 
a  high  official  of  a  railway  company  and  is  worthy  of  tlie  credence 
which  an  official  business  letter  of  this  sort  should  carry  with  it.  This 
gentleman,  under  date  of  August  22,  1893,  wrote  to  me  as  follows : 

"Dear  Sik;  Your  letter,  August  10,  -  ■  -  has  been  referred  to 
me.  In  reply  thereto,  we  have  no  published  reports  concerning  rain, 
making  experiments  sucli  as  mentioned  by  you.  While  these  experi- 
ments have  been  made  by  a  conple  of  employees  of  this  company,  we 
can  say  but  little  about  them  ourselves.  These  jiarties  clain>cd  to  be 
able  to  cause  rainfall  by  artificial  means,  and  we  have  furnished  them 
with  materials,  together  with  transportation  facilities,  more  or  less  all 
the  time  since  tlie  early  part  of  May,  they  having  experimented  in  some 
eighteen  or  twenty  different  locations,  and  in  each  tase  we  have  bad 
more  or  less  rainfall.  In  nearlyevery  instiince  we  can  but  feel  tbere  is 
something  in  their  claim.  We  have  had  from  one-bidf  te  3  or  3^  incli 
falls  of  rain,  covering  a  section  of  country  ft'om  25  to  90  miles  in  length 
and  11)  to  30  miles  wide,  all  owing  to  the  direction  of  the  wind,  and  in 
some  cases  at  times  when  tbere  was  no  moisture  in  .sight  or  known  until 
they  began  operatious,  and  then  only  throughout  the  section  over  which 
their  own  rainfall  extended. 

"1  presume  the  operators  themselves  have  kept  a  record  of  their 
work,  and  results  of  same,  at  each  of  tbe  different  points  whore  they 
have  been  located,  and  should  you  desire  I  will  have  them  make  a  state- 

I,  Cookie 


I  -    ij.     i.'L  a  -ua  1  nn»r.'  c! — A. 

-_^-.  • j_    ^>i;n*  ?r-fi;ii^ir.  under 

T   -;^   :t'    -t  ■*'i-';i  tKare  arts. 
■  -•■     •".  ,->a;*;*.~>;a  i*  :c^  result  of 
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is  tbe  method  evoked  in  the  Espy  plan,  and  ai>i)ear8  to  be  by  all  odds 
tlie  most  effective  rain  producer  in  nature. 

Q.  If  rain  can  be  made,  how  much  will  it  costf — A.  Thia  is  truly  an 
American  question,  and  quite  appropriate  to  the  fin  de  Kiccle.  Mr. 
I'owers,  who,  by  the  way,  says  that  Mr.  Dyrenfortb  did  not  after  all 
really  try  his  experiment,  pat  tbe  cost  of  one  experimentwith  Govern- 
ment aid  at  (80,000.  Oathmau  says  he  can  sprinkle  tbe  earth  at  a  cost 
of  from  (30  to  $90  a  square  mile.  Espy  proposed  to  tire  tbe  low  forest 
grrowths  at  regular  intervaU  at  a  cost  less  than  5  mills  per  citizen  per 
year.  The  method  of  concussion  costs  the  comfort  and  peace  of  all 
witbin  hearing,  a  cost  which  a  macb  more  certain  result  would  not 
justify. 
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VARIATION  OF  LATITDDB.' 


By  J.  K.  Kkes. 


Tbe  qaestioD  is  freqarntly  asked,  "How  can  latitode  changel" 
There  arc  two  ways,  obvioasly.  Firat,  we  may  imagine  that  a  portioQ 
of  tbe  earth  slips  od  the  surfoce  of  the  globe,  dae,  say,  to  earthquake 
shock.  Then  if  the  movement  of  the  mass  has  been  toward  the 
equator  the  latitude  of  that  place  is  decreased;  if  toward  the  pole  of 
the  earth  the  latitude  is  increase.  Bat  suppose  that  some  forces  at 
work  on  tbe  earth  canse  it  to  revolve  about  a  new  axis,  then  we 
have  at  once  a  new  equator,  and  tbe  latitudes  of  all  points  on  tbe 
earth's  surface  change  except  at  those  places  where  tbe  old  and  new 
equator  intersect. 

If,  for  example,  the  earth's  axis  of  revolution  should  be  changed  so 
as  to  pass  through  this  hall,  the  latitude  wonld  be  changed  from  a 
little  over  4IP,  as  it  now  is,  to  90°.  There  are  changes  no  doubt  pro- 
duced by  the  slipping  of  portions  of  the  earth's  strata,  but  we  know 
that  tbvse  causes  are  insigui&cant  and  local.  The  only  way  that  lati- 
tudes could  be  made  to  change  throughout  the  world  would  be  by 
changes  in  the  axis  of  rotation  of  the  earth,  thus  changing  tbe  position 
of  tbe  equator. 

Are  there  any  undisputed  evidences  of  a  variation  in  the  latitude  of 
a  place,  and  is  it  largef 

To-day  tbe  evidence  is  overwhelming,  bnt  the  amoant  is  small;  so 
small,  in  fact,  that  only  the  refined  instruments  of  the  present  day 
have  been  able  to  discover  it;  though  now,  that  it  is  discovered,  older 
observations  show  it. 

Laplace,  in  his  M^canique  Celeste  (Tome  V,  p.  22),  says :  "AH  astron- 
omy depends  upon  the  iuTariabtlity  of  the  earth's  axis  of  rotation  and 
npon  the  uniformity  of  this  rotation." 

He  considered  that  down  to  the  beginning  of  this  century  astrom- 
ical  instruDients  had  not  been  able  to  show  any  variation  of  latitudes. 


'From  alectare  before  tfaeNew  York  Aeodemjof  Sciences,  April  29, 1895.    Printed 
in  Science,  new  series.  Vol.  1,  No.  21. 
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VABUT10S  or  LinXTLC, 


Th*TO  WCTK  AiflMKUtA^,  \nii  thtmt  be  Ooa^  «hU  -,^  ^,„^  ,_,  .        ' 
erritn  of  lAtttttrv-Mimi.'  •»■  Ar  « 

Tr^-day,  iw/w«ver,  we  feel  wrtaiii  that  — n  r«n«i^f  ^  Usi^r  » 
UkiuK  i,law,  but  m  «nall  lluii  i*n«cii(al]y, in  ^^f,  MtiK.  fateu«nk 
aud  iu  uaviipitiwt.,  tlM^y  are  wf  no  importaoee,  tkoa^  sciwzfcaDr  ™t 
iuilMrtaut.  -^^iy  iht 

It  iDigbt  alw,  iu  tbtfl  (wnriccttOTi.  be  stated  Hut  tbov  an  tfaeanaal 
rifa*oiiH  wbicb  iMjem  t«  indicate  tJiat  the  earth's  nxaliM  g^  ts  mX 
ouljr  cbaDgiiig,  bot  bIm  is  not  altogether  onifira.  The  ctfect  af  Utt 
tide  wave  a*  it  moveji  w«t  over  the  earth  is  to  act  as  a  frictMo  tnb 
oij  the  nvitWmg  earth,  and  no  kIow  np  the  ToXatkoa  tine:  and  as  thu 
tide  eff<«t  in  not  alwayn  tbe  satne  tlie  retarding  effects  ditTer.  and  theo- 
retically produce  a  nouunifonnity  in  the  rotation  time.  Bnt  tlie  shmA 
age  of  the  earth,  due  U>  Iohh  of  beat,  would  t^d  to  make  it  revrfve 
more  rapidly.  The«e  eOecbt  may  work  against  each  other.  Howero. 
observations  and  calculations  to-day  do  not  famish  na  with  any  cettain 
evidence  that  the  rotation  time  is  longer  or  shorter  than  it  was  tes 
centuries  a^. 

It  no  doubt  will  happen  that,  when  observations  and  instruments 
are  mach  improved,  aHtronomers  will  discover  these  slight  changes  in 
rotation  time  that  tbeory  seems  to  require. 
Tbe  idea  that  thi'  latitudes  of  places  change  is  not  a  new  one. 
Down  to  about  tbe  time  that  the  telescope  was  invented  there  were 
tnmiy  learned  persons  who  believed  that  tlie  latitudes  of  places  changed 
Hcvi'ral  degrees  in  tbe  course  of  centuries.  These  ideas  were  based  on 
a  comparison  of  maps  made  at  different  times. 

A  ilisciple  of  tbe  illustrious  Coperuicns  considered  that  the  evidence 
was  conclusive,  and  was  satistied  that  tbe  pole  of  the  earth  was  chang- 
ing  its  position  iu  a  progressive  manuer;  he  considered  that  in  time 
the  torrid  and  frigid  zones  would  change  places. 

However,  these  views  of  Dominitjue  Maria  de  Ferrare  were  founded 
(HI  |MH)r  data.  The  liititades  of  a  few  places  had  been  determined,  by 
Vfi.v  iuiperf'pct  means,  in  (he  best  way  they  had,  viz,  from  the  shadow 
''fi''t  by  0  gnomon;  but  the  latitudes  of  many  places  on  the  maps  wwe 
fill'  III  from  the  accounts  of  travelers,  tbe  time  it  tocA  to  travel  from 
mil'  |>'ij|jt  to  niiotber  being  used  as  the  ba.'tis  of  calculation. 

v.  -i-Ji  ill  tlfitp  prilighteue<l  days,  as  we  like  to  consider  them,  there  is 
I-,  t'l'-l  v-.tji  of  (»iir  own  Empire  State  The  latitudes  of  a  few  points 
'  ■  '/  h,  .Vt-w  \4itk  Htale  have  been  determined  with  aocoracy.  Bat 
•■■  ■  ■>■  «...  t„„i,f  piH.ff,  iu  the  State  whose  positicms  are  not  known 

'..  II.  („<..»  ,,mh  >/rt|(P«ixteenthoentnryTycboBrmh«,of  IVnnark, 

'"'  ""■  ""■'•'ii»t»'ij|«  in  nw  (without  the  teiesocqw),  and  later. 

■  -I    I*  I't  11,1  uu.;.  1,1  f  waa  diM-overed  and  applied  to  astn>noaueal 
iMuiiii.i..     ■(  i,n,   ,„.^  ^,„|   „„„^  aw-orate  methods  were  used  to 

"  "'■"'■  '  '■'*■•'  *'•  II"  |i«iwr  bv  rn.fpssnr  Tkxilittlp  on  " 

■■"'' ■  '!»  *    A    A   •> ,  Hi  MiMJiium.  Wis..  An^nst,  18SS. 
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determine  latitude,  and  tlie  large  discrepancies  diBappeared.  Some 
observers  found  differences  between  latitudes  detenuined  in  wiuter 
.  and  in  summer,  and  they  supposed  those  differences  to  be  due  to 
changes  of  the  pole. 

In  the  latter  part  of  the  seventeenth  century  J.  D.  Cossini  summed 
ap  the  state  of  the  itroblem  in  his  day,  and  arrived  at  the  conclusion 
that,  notwithstanding  the  apparent  variations  iti  the  latitudes,  the 
pole  of  the  earth  did  not  change  to  any  large  estent;  that  most  of  the 
apparent  changes  in  latitude  were  due  to  errors  of  observation  and 
defects  in  theory;  but  he  thought  it  probable  that  small  changes  did 
occur  in  the  position  of  the  pole;  be  thought  the  changes  were  peri- 
odic, and  did  not  amount  to  more  than  2  minutes  of  arc,  eqnal  to  about 
12,000  feet.  "Thus,  instead  of  several  degrees  which  were  conceded 
by  the  astronomers  of  previous  centuries,  but  a  paltry  2  minutes  was 
now  allowed;  but  with  improved  instruments,  with  the  discovery  of 
aberration  and  nutation  and  the  perfection  of  the  theory  of  refraction 
even  this  modest  allowance  was  gradually  reduced  to  a  vanishing 
qnaiitity." 

The  geologists  in  their  investigations  have  fonnd  fossU  remains  tu 
the  cold  regions  of  the  North  belonging  to  the  Miocene,  Upper  and 
Lower  Cretaceous,  Jurassic,  and  other  geological  periods,  which  seem 
to  indicate  a  former  temperature  ranch  higher  than  the  present.  Id 
1876  Dr-  John  Evans,  then  president  of  the  British  Geological  Society, 
discussed  the  problem,  and  concluded  that  the  amount  of  polar  light 
and  heat  in  the  past  must  have  been  much  greater  than  it  is  now.  He 
invited  the  attention  of  the  mathematicians  to  this  problem,  and 
asked:  "Would  a  considerable  elevation  and  depression  of  the  sea 
bottoms  and  continents  produce  a  change  of  15  to  20  degrees  in  the 
position  of  the  polel" 

Sir  William  Thomson  discussed  this  problem  and  gave  his  conclu- 
sions in  1876  to  the  British  Association  for  Advancement  of  Science. 
He  saiil :  "Consider  the  great  facts  of  the  Himalayas  and  Andes  and 
Africa,  and  the  depths  of  the  Atlantic,  and  America  and  the  depths  of 
the  Pacific,  and  Australia;  and  consider  further  the  ellitrticity  of  the 
eqnatorial  section  of  the  sea  level,  estimated  by  Colonel  Clarke  at  about 
one-tenth  of  the  mean  ellipticity  of  the  mcridianal  sections  of  the  sea 
level.  We  need  no  brush  from  a  comet's  tail  to  account  for  a  change 
in  the  earth's  axis ;  we  need  no  violent  convulsions  producing  a  sudden 
distortion  on  a  ^eat  scale,  with  change  of  axis  of  maximum  moment 
of  inertia,  followed  by  gigantic  deluges;  and  we  may  not  merely  admit, 
hnt  assert  as  highly  probable,  that  the  axis  of  maximum  inertia  and 
the  axis  of  rotation,  always  near  one  another,  may  have  been  in  ancient 
times  very  far  from  their  present  geographical  position,  and  may  have 
gradually  shifted  through  10,  20,  30,  or  40  or  more  degrees  without  at 
any  time  any  perceptible  sudden  disturbance  of  either  land  or  water." 

Sir  William  Thomson  gave  no  account  of  the  calcniations  made  by 
him  as  the  basis  of  these  conclusions.  (~'n,~irt\i^ 
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U.Oiirwiii  mmle  a  CArefii] >Brf c&i&iiciEe mnt^enatieal 

>  ("■"lilt'iii.  H«  Khowed  that  tn  a.  p«lfeecly  rigiil  ^obt 
"t  l»iUT  wmiilcrcd  more  thaa  3  decrees  ibniL  iat  «ri» 
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Observatory  arraoged  to  work  in  conjunction  with  the  Naples  Observa- 
tory  on  the  problem.  Tbie  Beries  of  observations  was  begun  \a  the 
spring  of  1893,  and  will  be  coDtinae<1  several  years. 

The  data  given  by  Fergola  at  Rome  iu  1883  showed  a  diminntion  of 
latitude  in  every  case;  other  data  showed  a  similar  diminution;  how- 
ever there  were  exceptions,  where  the  latitudes  seemed  to  increase. 

The  Investigations  that  have  been  going  on  since  1883  throw  doubt 
on  the  progressive  changes  in  latitude,  or  at  least  sueh  changes  are 
masked  by  proved  periodic  changes. 

For  a  long  time,  since  1765,  periodic  changes  have  been  looked  for, 
because  the  theory  of  a  rotating  earth,  an  earth  having  the  form  of  a 
sphere  flattened  at  the  poles,  or,  more  accurately,  an  ellipsoid  of  revo- 
Intion,  demanded  sitch  changes;  but  the  theory  did  not  funitsh  any 
clue  to  the  amount  of  changes,  except  that  they  must  be  very  small. 
This  theory  shows  thsit  if  the  earth  were  absolutely  rigid  and  revolved 
about  its  shortest  axis  (called  the  axis  of  figure)  at  any  time  it  would 
continue  to  revolve  about  such  axis  forever,  unless  disturbed  by  some 
ontside  force.  If  so  disturbed,  then  the  axis  of  rotation  would  no  longer 
coincide  with  tbe  axis  of  figure — the  axis  of  rotation  would  intersect 
the  earth's  surface  at  points  away  from  the  points  where  the  axis  of 
figure  comes  oat.  But  the  theory  also  showed  that  the  new  axis  of 
rotation  would  revolve  about  the  old  one  in  a  iieriod  of  304.S  days. 
This  period  comes  ftom  the  knowled^^e  of  the  magnitude  of  precession 
and  nutation,  and  is  known  very  accurately. 

We  would  expect  therefore  that  changes  in  latitude  would  show  this 
305-day  period. 

Several  attempts  have  been  made  to  determine  tbe  distance  between 
the  two  axes  (figure  and  rotation  axis)  from  changes  in  latitudes. 

Tbe  celebrated  astronomer  BeKsel  maile  the  first  attempt,  and  was 
unsuccessful  it  was  supposed  until  recently,' 


iTieaeraDdsaysiD  Aon.  Bar.  LoiiK.,lS95(p.  42, 1).  11),  that  tlii!r«iHsletl«rof  April 
7, 1846,  JD  which  Hamboldt  replieBtoGaasa  that  BesMlhod  told  himin  1844  thftthlH 
observations  abowed  that  biH  latltode  had  <IecreMed  0.3"  io  two  ycara.  Itewel 
Attributed  this  variatiiin  to  chaogeB  accumpliabed  in  the  interior  uf  tha  g)ol>«.  Hn« 
also  Hasan's  letter  in  Asfr  Nach.,  Se|it«uiber,  1X!H. 

In  thiB  connection  it  ought  Ui  be  natvd  alio  that  Prof.  J.  C.  Manwell  read  m  pap«r 
Apnl  30,  1857,  before  tbe  Boynl  Society  of  EdiDbnrgh  (see  Truieactioiii  Hoy.  Hoe. 
Edinburgh,  Vol.  XXI,  Part  IV,  pp.  ^9-571),  "On  a  dynainical  top  for  exhibiting  the 
phenomena  of  the  motion  of  a,  Byxtem  of  invariable  fonn  about  a  liied  )>uitit,  with 
lUHue  auggeatiouB  as  to  tbe  earth's  motion."  Hede<lDced  apitriod  of  ^25.0  solar  day  n. 
He  examined  the  observations  of  Polaris  made  with  tbe  (>reenwji-h  transit  ciri:ie  in 
the  years  IKal-DOI.  He  found  the  apparent  colatitudeofllreeo  with  for  each  month 
of  the  four  years  speciGed- 

Tbera  appeared  a  very  slight  indicition  of  a  maiiiunm  beloujjiug  Ut  the  set  of 
months,  March.  1^1;  Febmary,  1>&J;  D<-ceml>er.  I>*ry2;  Nr>vemlKr,  IKi^J;  f>>;[itciuli«r, 
Iffii.  "TTiiB  reeult,"  he  says,  "is  to  be  regarded  aflvery  doubtful,  sut  theti  did  not 
appear  to  be  evidence  for  any  variation  exceeding  half  a  second  of  space,  and  more 
obaerrations  woold  be  required  to  establish  tbe  existence  of  so  small  a  rariatioii 
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~  „_  ,1^1  „  J  :.r^  ,.i'.r-r^-=  k-ZL.^  Tio:.:  ■;•?  su.-*.    Tbe«fin-cuf  Oas 
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....,_  -__,-    t  3L_;,r   km  "OC  r>t  ''•>■'  -W-  ■:i  W-JOl-i  CMrR::i>ODd    to  a 

\  .  ~. ,j  -^^  , ,.  ,j::_.    i;  Tint  p«.ir  '/  ■>»  ifttt.  on  the  eanb's  snrfaee. 

„  T — :  __y  Tli'-n.-?-  a  :.■;  i"*^  ?•-  ■■-'^  '^^  i^alfaLiti>rti.  bat  the  aotbority 

-  ^  '—  .r  Z3^;.-u  nitcuima^;:ia  acd  i-ay^icist  was  socfa  a»  to  nuke 
.^  *,,  j,^j|  ,.-T,  -j.-  -Cii>ai«ct  zreat  an«iili<>ii.  These  meteorologje 
,^  ,^_  ,^  It  T  1  i'l  ^iT  '" ':::^tai  Tlioin.*oo  epc4:e  are  anuaa]  in  cbarac- 
"-      ''."iK!!  TiS  i-iaial  pwi-fi  U  combined  with  the  305-day  or  ten- 

i,  J  -i^-...i  »r"  ZC-.r  we  9e«  th;*t  complexity  results.  This  was  the 
i-tf.-niit;  11  --Tjr:^iS.,o  wh-^o  Dr.  KSstner,  of  the  Berlin  Observatory, 

*i-<i^>l  tje  re^'J':-'  -t'  ha  of^serratioDS  made  in  1884-85.  Dr.  Kiist- 
r  'ii3.-yrp«i  V(iw  ...^wervations  for  the  trial  of  a  new  method  for  the 
ar-it  u  t'.'a  cf  tin?  coQ^tanl  of  aberration.  On  reducing  his  obser- 
■  ,.!><  V  .^oc;i!  ■«!  results  whitb  were  not  at  all  satisfactory.  A  care- 
!  .  .  -.,  -I  >ii  oC  h;s  wrk  led  him  to  make  the  aiinonncemeut  that 
'\i'^j*-il'm!^ii-toi-v  value  ft>r  the  aberration  constant  was  dne  to  a  com- 
'  .  li  uK  mi»ia  ihoujrh  very  small,  change  iu  the  latitude  of  the  Berlin 
«.'i\t.U>ry— -that  tivm  Aujrnrtt  to  November,  1884,  the  latitude  of 
ill,,  k^i  Ikvu  ttviu  0.1'"  to  0.3"  greater  than  from  March  to  May  in 

■HliiHte  that  from  Angust  to  November,  1884,  the  (wle of 
.j.l.ixHHhea  Berlin  more  closely  by  30  to  30  feet  than  in 
huvh  to  May.  .     ,,        ..      ^       .  . 

.  i".>b««v»tio»«  made  at  Puiko^  by  -N>-ren. 
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Here,  then,  was  evidence  of  a  comparatively  rapid  change  in  lati- 
tude. New  observations  were  nndertaken  at  Berlin,  Potsdam,  Fragoe, 
and  Bethlebem,  Pa.  (all  by  Talcott's  method),  and  all  agreed  in  show- 
ing pins  and  minus  changes  in  Jatitnde  for  the  years  188S-1S90. 

There  were  still  some  doubters.  Moreover,  it  was  decided  to  crit-" 
ically  test  the.  matter  by  sending  an  expedition  to  the  Sandwich 
Islands,  which  is  180  degrees  (nearly)  in  longitude  from  Berlin.  If  it 
were  known  the  latitnde  of  Berlin  increased,  then  a  point  in  the 
Northern  Hemisphere  ISO  degrees  away  from  Berlin  should  simulta- 
neously show  a  decrease  in  latitude,  for  if  the  pole  move  toward  Berlin 
it  must  move  from  the  point  on  the  other  side  of  the  earth. 

Our  own  Government  joined  in  the  effort.  Marcuse,  of  Berlin,  and 
Preston,  of  Washington,  spent  more  than  a  year  on  the  Sandwich 
Islands  observing  for  latitude,  while  at  the  same  time  observations 
were  continued  at  Berlin,  Prague,  and  Strasburg  in  Earope,  and  at 
Bockville,  Bethlehem,  and  San  Francisco  in  the  United  States.  The 
results  of  all  these  observations  have  been  publishe<l,  and  show,  with- 
out a  chance  of  error,  that  the  earth's  axis  is  moving,  that  the  lati- 
tudes at  the  Sandwich  Islands  increased  when  the  latitudes  in 
Germany  diminished,  and  vice  versa. 

The  law  of  the  change  was  eagerly  and  industriously  sought  for  by 
some  of  the  ablest  mathematical  astronomers  of  the  world.  They 
first  worked  ou  the  idea  that  the  changes  must  conform  to  the  3()5-day 
period  of  Euler,  combined  with  an  annual  change  dne  to  causes  set 
forth  by  Sir  William  Thomson,  and  which  I  have  previously  mentioned. 
None  of  these  investigations  have  given  a  satisfactory  formula  for  the 
])rediction  of  the  latitude  of  any  ]>lac«. 

In  1891  Dr.  S.  O.  Chandler,  of  Cambridge,  Mass.,  began  his  investi- 
gation of  the  problem.     He  remarks: 

"  I  deliberately  put  aside  all  teaching  of  theory,  because  it  seemed  to 
me  high  time  that  the  facts  should  be  examined  by  a  purely  inductive 
process ;  that  the  nugatory  results  of  all  attempts  to  detect  the  existence 
of  the  Enlerian  period  (of  SO.'J  days)  probably  arose  from  a  defect  of 
the  theory  itself,  and  that  the  entangled  condition  of  the  whole  subject 
required  that  it  should  be  examined  afiresh  by  processes  unfettered  by 
any  prewinceived  notions  whatever.  The  problem  which  I  therefore 
proposed  to  myself  was  to  see  whether  it  would  not  be  possible  to  lay 
the  numerous  ghosts  in  the  shape  of  various  discordant,  residual  phe- 
nomena pertaining  to  determinationsof  aberration,  parallaxes,  latitudes, 
and  the  like,  which  have  heretofore  flitted  elusively  about  the  astronomy 
of  precision  duriug  the  century,  or  to  reduce  them  to  some  tangible  form 
by  some  simple  consistent  hypothesis.  It  was  thought  that  if  this  could 
be  done  a  study  of  the  nature  of  the  forces  as  thus  indicated,  by  which 
the  earth's  rotation  is  influenced,  might  tend  to  a  physical  explanation 
of  them." 

Dr.  Chandler  proceeded  to  examine  his  own  work  with  the  Abnucan- 
tar  at  Cambridge,  the  observations  of  Xiistner,  Gyld^n  Nyr^n,  the 
Washington  observations,  and  others.    He  found  that  they  all  seeme^ 
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diTergencJes  are  very  small,  ouly  14  millimetera,  eqaat  to  one-half 
iucb  about,  but  they  appear  aumiBtakably  aud  are  what  theory  would 
demand. 

Id  a  letter,  recently  received  &o[n  Dr.  Ghaudler,  he  states  that  he 
finds  that  the  anonal  part  of  the  polar  motion  is  an  ellipse  three  or  four 
times  as  long  as  broad,  and  he  expresses  the  law  of  the  motion  of  the 
pole  in  this  ellipse  aa  that  the  areas  described  from  the  center  are  pro- 
l>ortional  to  the  times. 

We  can  conclnde  safely,  therefore,  that  no  large  changes  of  latitude 
have  taken  place  for  many  thousands  of  years;  in  fact,  in  geologic 
times,  that  there  is  no  adequate  proof  of  progressive  changes  iu  the 
latitude  of  any  place;  but,  finally,  that  very  small  periodic  changes  have 
occnrred,  and  they  are  sach  as  can  be  and  are  observed. 

The  feeling  is  growing  in  the  minds  of  those  who  have  given  the  sub- 
ject close  attention  that  we  shall  find  that  many  and  various  causes 
enter  into  the  problem  of  determining  the  law  of  changes.  It  will  no 
doubt  take  many  years  of  careful  observation  to  obtain  the  data  neces- 
sary to  fully  test  Dr.  Cbandler'a,  or  any  other  hypothesis. 

The  scientific  men  abroad  are  discassing  the  advisability  of  estab- 
lishing several  observatories  at  various  places  on  the  earth's  surface 
for  the  purpose  of  collecting  the  data. 

Ultimately  Dr.  Chandler's  formula,  or  a  slight  modification  of  it,  may 
be  proved  correct,  and  with  it  we  may  be  able  to  state  what  the  lati- 
tude of  any  place  will  be  at  any  time. 

The  lecture  was  followed  by  some  illustrations  showing  that  revolving 
bodies  preferred  to  revolve  aboat  their  shortest  asis  or  aroaud  the  axis 
about  which  the  moment  of  inertia  was  a  maximum. 

Charts  and  diagrams  were  exhibited  showing  the  results  of  obser- 
vations made  at  Pnlkova,  Prague,  Berlin,  Strasbarg,  Bethlehem,  the 
Sandwich  Islands,  etc. 

These  results  were  compared  wiili  the  deductions  from  Ctiandler's 
formula  and  shown  to  agree  therewith  to  a  remarkable  extent. 

The  preliminary  results  of  the  observations  made  at  Columbia  Col- 
lege from  May,  18'J3,  to  .Tuly,  18)14,  were  exhibited. 

The  lecturer  threw  on  the  screen  illustrations  of  several  forms  of 
zenith  telescopes,  and  described  the  new  form  made  by  Wauschaff,  of 
Berlin. 
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THE  DEVELOPMENT  OF  THE  CARTOGRAPHY  OF  AMERICA 
UP  TO  THE  YEAR  1670." 


By  Dr.  Sophus  Ruoe. 


The  discovery  of  America  and  the  geographical  researches  on  that 
contineut  may  be  regarded  as  the  iaitial  period  of  the  era  of  discovery. 
In  order  to  intelligently  trace  the  gradnal  dawning  of  a  new  world 
npoQ  the  geographical  chart  and,  at  the  same  time,  to  compare  the 
discoveries  made  by  the  several  pilots  and  to  estimate  briefly  their 
-value  from  a  Hcientiflc  point  of  view,  I  have  selected  the  medium  of  a 
collection  of  thirty-two  maps,  upon  which  are  represented  the  progresa 
of  discovery  from  decade  to  decade. 

This  cartographical  evolntion  ends  with  the  year  1670,  for  In  that 
year  first  appeared  Ortelius's  Theatmm  Orbis,  the  earliest  modern 
atlaa,  by  which,  in  numerous  editions  and  iu  various  languages,  we 
have  an  easUy  accessible  collection  of  new  charts.  Previons  to  that 
publication,  exclusive  of  the  rare  collection  of  Lafrens,  the  maps  of  the 
several  engravers,  through  successive  years  combined,  were  printed 
only  in  single  sheets  or  introduced  as  sach  Id  scientific  works  of  the 
most  dissimilar  character. 

The  present  maps  contain  four  series  of  illnstratiooB.  The  first  series 
(Pis.  XVII-XX)  exhibits,  on  modern  charts,  the  coasts  and  inland 
regions  that  have  been  discovered.  The  'second  series  (Pis.  XXI- 
XXIV)  presents  to  our  view  the  results  of  the  observations  of  the  pilots 
to  whom  we  are  indebted  for  the  production  of  these  maps. 

Naturally,  with  the  exce))tion  of  the  Cosa  chart,  no  original  survey? 
could  be  represented,  but  they  are,  on  the  contrary,  copies  and  tran 
scripts  of  copies  which  are  extant,  a  compilation  gathered  from  different 
sources,  so  that  only  the  general  impression  of  the  ideas  promulgated  a 
the  time  are  shown  to  us.  In  details,  however,  and  specially  in  local 
names,  nnmeroas  inaccuracies  occur. 

FiDfdly,  the  third  and  fourth  series  (Pis.  XXV-XLV)  introduce  to  as 
the  scientific  conclusions  of  geographers  and  the  inductions  of  scien- 
tists together  with  established  theories  in  regard  to  the  positions  of 
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-  t;-i:   «t^ir-v  TWO  j»me*;  were  rMjaisite,  jiuiIt 

_  ,■-!...:  u   iM  ^ttnaAmtoe  of  tiie  t}ieorje«,  tbil 

^  i,r-  jmae.  mad  jardy  irith  a  riew  to  inm- 

■  -  J.,  .-jr  ir  Tt^t7«asitatire  uunes.  i 

:.?•  ^r--..iTrtft.  iM-  vrH  &»  to  the  cbaris  the    I 

...j-^.«  J  MP  Hip;  ooald  only  be  piven  cots* 

T..  '.  :  -  -^r-iniL  Bi>(!  fgwdal  pan  of  this  iiaper 

-.--.»  i;.-^r.'T<^  aiideiitloration,andiLe 

.  --.^  -:  .1  11x1:1  l^  cliroiH*)u;rtcall}- arruiiged.' 

i  . -v    -   .1  ■:.->.-i>v(iries  are  Dot  aloue  to  clearly 

^     .>; ;  7>  riT  liti-  earlier  voyages,  aud  espe- 

,.  ^     ;.-  :  jtUR^  c  ivL  u-  tlte  disoorered  local 

I    .  -7  ^  ■i.-rr*  rii  cndrtjoe.  and  opportunely. 

■:     --  .-.ii-rst  .if  5l»e  smeeotb  oentorj-  the 

rv     .. .    ..^  Bi,.-^  ioti  freiKTally  speaking,  are 

-r- )."*.a.-s,    Hie  rltrooolugical  series  ul 

;  -    -^-  M-  -.;«■-  fcTf  ^•graphical  i>o3sess  a 

, ;    »     :    ;j«;   i,zni.«SJ  onnpleteness  po^ible. 

.  t    ,  i-  I  ;.-.-:.-sst  i.f«nljeinostTaliddainis 

>:-:■!  "-  fc"  i^'i-iwjh  tliis  series  is  (ar 

»  r:::;,';-^*  ":«  aofieptaliie  to  those  wlio 

....       iTrC  i  ST  n  »»f  cartography.    The 

■  i.-  i-    » :  T."  ju-e. ;:.  »liuh  the  resjtectiTe 

-  -.    r'.r;.:,-.^  .:  :ir f'arts themselves, and 
■.'    .  .   ;.  ,•• ;  r%  Ji: -Ther,  sytwptical  tables  of     I 
*.  >  n*  ;;.>::..  ::.<-  lAl>orii>ss  preparation  of     ' 
*  ^    o:    >:,>:<  ;;.!■::!,  but  the  vahie  of  vliicU 
'  -V*  X-  .:  ,a;  i'br*Tvat!OBs  apon  them. 
'  '  ,i!:.;  -  ;^Mrt  to  a  j<eriod  anterior  even  to 
\  »\>;,;n:;^!is,  iu  Uifl.    These  are  shown  for 
i^*x:.'!i  tn  ;<i<-as  and  theories  on  the  lines  of 
i>  .  \\  \\.i\y  h.»d  de^-ided  iutliteDce  oq  poster- 
Mii.-ixki  rtslfx  of  146S  for  Northern,  and 
.'1    l-'»-i«-ni  .Vsi.-*.     The  questionable  Zeno 

>    1  -I  i-M  ...»  -.11.1  i.f  thf  charts  ig  too  rolDDiiooaa 
11  .   u'm  |in|v«.i|'  IVtermMiu'a  Mltteilaugou. 
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ti^^rt  of  1380  (t)  is  iacloded  in  the  appended  list,'  for  the  reason  that 
ft>er  its  publication  in  the  year  1558,  not  merely  did  the  Itahan  Ptole- 
iii,TiB  editions,  but  even  Mereator,  as  well,  follow  its  delineation  of  the 
.oxrthein  regions. 

i;he  marine  charts. 

The  art  of  designing  marine  charts  originated  with  the  Italians. 
t^Vhen  the  Portuguese  Prince  Heury  began  his  diacoveries  be  sought 
x>  obtain  Italians  for  his  enterprises.  So  likewise  in  chart  design,  or 
Ix^fts,  Italians  became  the  instmctors  of  the  Portuguese,  and  with  tlie 
la.t.ter  tlie  Basques  appeared  as  skillful  mariners  and  cartographers, 
l^ot  until  toward  the  middle  of  the  sixteenth  centnry  did  nautical  car- 
t*>grapliy  find  its  entrance  into  France.  It  did  not  reach  either  Enp- 
l».nd  or  Germany  at  the  eiK>ch  of  the  great  discoveries.  But  in  Spain, 
to  which  is  due  the  most  ancient  cartography  of  the  most  iniportiint 
regions  in  America,  guidance  and  enligbtemnent  were  derived  from 
Italians,  Basques,  and  Portuguese.  And  thus  the  material  for  Ameri- 
can cartography  consists  of  Spanish,  Portuguese,  Italian,  and  more 
recently  of  French  charts,  or  coast  pilots.  The  language  of  these  charts 
is  exclusively  Romanish. 

But,  unfortunately,  original  drafts  are  hardly  accessible.  Unfortu- 
natelj',  also,  most  of  the  track  charts  no  longer  exist.  "What,  in  the 
lapse  of  time,  has  been  preserved  from  shipwreck,  or  the  hands  of  the 
gold-beaters,  is  as  yet  not  fully  ascertained,  and  very  little  indeed  has 
been  described"  (Harrisse,  Cabot,  p.  13!)).  As  often  as  pictures  of  the 
uprising  New  World  vary  in  the  first  decades,  just  so  often  do  the  charts 
become  antiquated  and  dangerous  as  guides.  It  therefore  became 
necessary  from  considerations  of  prudence  or  utility  t/>  discard  or 
destroy  the  more  ancient.  Thus  it  happens  that  neither  in  Spain  nor 
in  Portugal  is  there  to  be  found  a  chart  of  America  for  the  first  fifteen 
years  of  the  sixteenth  century,  with  the  exception  of  that  oldest  miip 
of  the  world,  which  was  recovered  from  France,  and  on  which  the  New 
World  is  represented — the  noted  chart  of  the  Basque  pilot  Juan  de 
la  Cosa.  The  earliest  charts  that  have  been  preserved,  next  to  that  of 
Cosa,  the  marine  charts  of  Ganario  and  Cantero,  and  that  of  Kunst- 
mann  in  his  atlas  of  pnblishetl  sheets,  Nos.  2  and  3,  iiro  to  be  found  in 
the  collections  of  Itafy,  France,  and  Germany.  And  even  tliese,  col- 
lectively, are  no  longer  original,  but  imitAtiotis  and  compilations 
collected  from  various  State  archives.  And  although  Cosa,  in  the 
delineation  of  America,  has  pronounced  his  work  as  original,  his  chart 
upon  the  whole  is  merely  a  compilation. 

The  elaborate,  and  in  many  respects  incisive  criticism  which  Har- 
risse' above  all  others,  has  devoted  to  the  subject,  has  enabled  us,  in 

>Litt  not  translated. 

*"N»meB.  when  methodically  interrogated,  yield  very  aseful  reHnlta,  wbicli  reach 
erau  distant  qaettioos."    (UartiBM,  Disc,  of  N.  America,  p.  325.) 
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epet-ial  instances  to  detennine  what  originals  were  osed  in  dnwine 
some  of  the  chart  copies,  bnt  it  is  impossible  to  say  how  far  origiaS 
and  copy  agr^  with  each  other.  So,  alw,  the  oldest  maunscripte  for 
a  carto^jphio  historj-  of  Ainertca  are  not  originals,  bnt  merely  ubi 
trary  «>nibi  nations  of  ^-arioos  copies,  not  drawn  from  originals  .V 
c.|iiivaWiit  value,  for  the  \-«lne  of  a  first  imppession  on  the  mind  h 
:t:«ays  dep^nlent  upon  the  intelligence  of  the  pilot  Every  coprist 
I"  sul'itvc^-d  to  Ih^  risk  of  committing  errors,  through  a  misapprf 
!v  -.oi!.  t*  perhai^s  through  careless  haste.  And  here  no  connected 
tc\t  :s  t!":':o>«l,  as  in  the  transcript  of  a  literary  composition,  bol 
"  »i  \  -liu-il  iM!:u-s  witboat  connection  or  correlation  are  strong  alon', 
'  vo  N\t.is.  i!i>.':i  the  water  line  of  a  seacoast.  Cosmographers,  too. 
*\  1  :  : "  v-s, -^  .>s  in  namennis  instances  of  abbreviations  in  favor  « 
v  ;  -,\  J  v!  f  ::■.:•; -jeJ  in  mannscripts.  The  points  designated  along 
■.   .-  ^>v«<;  j:v  ;-.  s»'tiie  1-x.aIities  so  crowded  together  that  errore  may 

!v.t-  ,\  ,vx-. ::;t;rn«petilJon.  not  alone  throngh  the  misinterpret* 

r  ■^-  .■■  A  V  »■■■*  ;^.;'j  «T  illegibly  written,  bnt  in  some  cases  from  it* 
,..  V  -■■■  "V -.  A:;.l  lUas  the  correct  reduplication  of  a  series  of 
.  ,^  ,-.  V  ■*>  .l.wtVr  written,  wonld  be  rendered  almost  impracti- 
..  »,■.  ■;-,.^.  ,.'i^  ;;■  ,>■:<: vri'lates  or  woodcuts  were  designed  forchart.- 
«  ,    ■  .   .  X',-  -\.v' -.■v:;i,:!-.c  brittlecharacler  of  the  material  on  wbicli 

■    V-      -vJ  •wiM.l.mbtless  make  necessary  a  redacUon  in  tlie 

..   ..    ,-.       v   'vv»"  ;■;!::■<*!»     1 1  woW  not  be  assumed,  moreover,  thai 

. '  ■••■'   '■  :.v  S>i-n  exercised  in  the  topography  of  these 

.,   , .  .    ■.  >      s-  Vvs  :;:.;r.'j^wtant  itarticulars  omitted. 
•  M  ..    V  ■.  r  -  iV.e  e\pli>ratiou8  made  along  the  American 

-.^   ,■.  .<:•;»   S'-^-fs  to  the  Spanish  pilots,  or  to  those 
.  ,v .  .         1 ,-,....  sv .-,'  Sj^A-.",    Hut  it  most  in  no  wise  be  supposed 

s>-     ^1       '  ;.-.-vip  nrhedevelopmentof  thecartography 

\         ■.-...    sv-  >v.  1   ,v.-.s-,.:er.»!>le.    The  reverse,  indeed,  is  the 

'     ••  ■■  .X-  ■    '.^s    1  "s  <^><\  begins  immediately  after  the 

\  A     .       X  ......  .  ■,■      - ,;  '.■vra'.'V  traces  in  the  literature  of  the 

^  .      „   .  ,•  ,N  .\-.T  ji.;-rtl  in  their  archives,  afford  ample 

>   .'■w'.--  -V-  ;  A--sv.:^  ilieiu  of  theartof  sketchin« 

*     %■ « •    ,  ^     i^-.:  .ii^si'te  this  fact,  the  disseminatiou 

.     .  S  \!   ■,*•■.;   is  ;«y»):wtss  toward  northern  regions, 

.    ,v  ;•.  >■.•.-,  ..v.\f.:.yTAp)iic  conceptions  of  middle 

-     ,       >'  .■  v>  ,     »  >vr  >v.  {;,,^  sixjwntli  century,  can  not  be 

I      \  ■       .,■»:».'.  |v.>\r.-.,s*\l  U'  draw  ap  a  chart  of  the  dis-     , 

k      ■•     '  WW  ».'%\  !»  .t  ;e  h^.l  heM  oMlto  theirmajestiesan 

>    '    .v..      .'■.•.!■'.  v(w,;!n  h.>nK\    On  the  5th  of  Septem- 

^     w  »      .  s  1  .y>  ■   v,t.\t.M  h;s  eiipajwment  by  Queen  Isabella 

U     k     t  \(  *s>     o's,  JNS»\     MtMMwInle  the  conrt  recoixls 

.    i  .  -       .    *vv  »»t.  \\\  (vvjsM  e;tlier  to  the  dispatch  of  the 

\i     h  \*  \y\\^\\s\  \n  JBTMN^I  w;yi-s  that  a  chart  of  his 

^«  *v\,.*>sM,i^     U4xi<'^U  saw  it  flist  at  Bishop  Fon-      i 
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■eca's,  and  obtained  a  copy  of  the  chart  for  his  own  first  voyage  (Navarr. 
.II,  pp.  539,  586).    Bnt  of  all  his  charts,  not  one  has  been  preserved. 

Xhe  restored  chart  of  Jnan  de  la  Cosa,  1500,  is,  then,  the  earliest  car- 
x>graphic  memorial  handed  down  to  nsj  and  in  this  map  the  skillful 
l$a3qae  mariQer  has  combined  ia  one  exhibit  the  various  Spanish  dis- 
coveries, and,  possibly  also,  the  discoveries  of  John  Cabot  in  North 
America. 

The  incidents  of  the  fonrth  voyage  of  the  Admiral  in  1502-1504  were 
rapidly  disseminatect  throughont  Europe,  for  not  only  Coluinbos  him- 
self and  his  brother  Bartholomew,  bat  likewise  the  other  mariners  had 
each  designed  charts.  It  miglit  therefore  be  readily  inferred  that  not 
merely  facts  but  names  themselves  might  vary  in  many  important  par- 
ticulars. Charts  were  no  mystery,  and  they  might  be  indiscriminately 
reproduced,  or  even  acquired  by  purchase.  In  Portugal  there  was  a 
chart  indQHtry,  and  there  was  an  open  trafQc  in  them  under  the  restric- 
tion, however,  that  it  was  forbidden,  under  a  heavy  penalty,  to'  draw 
plans  of  the  route  by  sea  to  the  Molucca  Islands.  We  thus  find  ihat 
luter  OD  an  Italian  draftsman,  Baptista  Agnese,  contributed,  as  a  sup- 
idement  to  his  finely  executed  collection  of  maps,  a  chart  of  the  world, 
npou  which  the  Molucca  route  was  cleu'ly  traced,  imd  it  was  reeognized 
an  sach. 

When,  in  1500,  the  Portuguese  Intlian  fleet  under  Cabral  discovered 
Brazil,  and  when  in  succeeding  years  Portuguese  vessels  hiul  coasted 
along  a  considerable  portion  of  the  eastern  coast  of  South  America,  it 
appears  that  in  Portugal  they  encouraged  the  publication  of  these 
facta.  This  was  naturally  in  the  highest  degree  obnoxious  to  the 
Spauiards,  for  at  Lisbon  copies  of  the  charts  were  wilUngly  accorded 
to  Italians.  It  appears  further  that  charts  of  Cabot's  voyages  were 
brought  to  Lisbon  earlier  than  to  Spain.  At  all  events,  the  explora- 
tions of  Gortoreal  and  the  earliest  received  charts  of  Cantiuo  and 
Canario  had  their  origin  in  Portugal.  To  a  wide  diffusion  of  the 
incidents  of  his  own  voyages  in  Portuguese  ships,  Vespucci  himself 
contributed,  as  they  were  accustomed  to  say,  through  picture  and  nar- 
rative; and  thus  tbeinfluenceof  Portuguese  chai-ts,  copied  by  Italians, 
upon  the  ideas  of  Middle  Europe  was  already  inaugurated  before 
Bi>anisb  cartography  was  directed  into*  regular  channels.  The  first 
foundation  for  the  system  was  laid  in  the  establishment  of  the  Indian 
office  at  Seville  in  1603,  The  lead  in  all  transmarine  enterprises 
emanated  from  the  Casa  de  Contratacion  for  the  Indies.  Ilere  were 
necessarily  collected  charts  of  all  recent  discoveries.  But  it  would 
necessarily  soon  become  evident  that  such  charts,  based  upon  charts 
often  widely  deviating  from  each  other  and  giving  imperfect  or  errone- 
ons  delineations  of  the  coasts  in  the  new  hemisphere,  would  rather 
expose  mariners  to  danger  than  afford  them  security.  It  became  ucc- 
essary,  therefore,  to  exercise  a  many-sided  critique  and  careful  investi- 
gaUoQof  the  chtulis  accessible,  and  care  be  taken  that  seameu  were 
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'esearches  on  the  broad  ocean,  as  nirnished  by  the  sorveys  of  Cort«z 
ktid  Pizarro.  Andnow  the  idea  of  a  uaiversal  official  map  or  "padruit" 
vas  once  more  reverted  to. 

In  the  year  1526  Ferdinand  Colarobns  received  un  order  to  prepare 
\T\  accnrate  chart,  and  this,  by  a  later  imperial  decree,  was  to  be 
:iiititled  the  "general  padron."  Bot  when,  after  the  lapse  of  nine 
yeivrs,  a  reiterated  comtniuid  was  dispatched  to  the  son  of  the  Admiral 
to  complete  the  work,  it  must  not  be  concluded  that  up  to  thnt  i>eriod 
lie  had  not  executed  the  commission  or  snpplied  any  map  whatever. 
N'or  does  this  entirely  jostify  the  assumption  that  the  Weimarauer 
general  chart  of  1527,  the  first  general  map,  originated  with  him.  The 
second,  designed  by  Bibero,  and  tlie  general  map  of  1527,  and  that  of 
1529,  essentially  altered,  have  both  likewise  been  preserved.  The 
a]>X>roved  type  exhibited  in  each  of  these  charts  was  henceforth  as  a 
general  rule  steadily  adheretl  to. 

Tliongh  the  Portuguese  occupy  a  subordinate  rank  as  regards  the 
extent  of  their  contribations  to  the  cartography  of  America,  the  dis- 
tinction is  assuredly  due  them  of  having  first  conceivetl  and  portrayed 
the  continent  of  North  America  in  its  correct  and  proper  contour, 
exclusive,  of  course,  of  the  polar  regions.  They  were  abio  pilots  and 
exiwrt  draftsmen,  and  not  only  by  their  labors,  but  by  their  methoils, 
they  have  exercised  a  vast  infiuence,  especially  ujioii  geographical 
works  in  Germany.  Many  of  their  pilots  and  draftsmen  emigrated 
secretly  from  Portugal  into  Spain  and  entered  into  the  service  of 
Charles  V.  Sucli,  for  example,  were  Francisco  and  Kay  Faliero,  Jorge 
and  Pedro  Beinel,  and  Simon  de  Alcazaba  de  Sotomayor.  Along  with 
these,  and  even  to  a  greater  extent  than  the  latter,  Italiann  emigrated 
to  Spain,  Only  Columbus,  however,  with  Amerigo  and  Juan  Vespucci, 
lu-e  here  mentioned  {Harrtsse,  Cabot,  p.  219).  Two  of  the  earliest  and 
most  imi>ortant  cartographic  records,  the  charts  of  Cantino  and  Cane- 
rio,  although  supplied  or  drawn  by  Italians,  are  copies  of  Portuguese 
originals.  Both  of  these,  as  also  the  surveys  of  the  coasts  of  the  New 
World  sent  to  the  Duke  B<iu4  of  Lothrtngen,  had  a  far-reaching  influ- 
ence upon  scientific  cosmography. 

This  influence,  however,  emanates  from  Italians  residiug  abroad. 
Harrisse  calls  attention  to  the  fact  (Discovery  of  North  AmeriCEt, 
p.  270)  that  cartographers  living  in  Italy  only  recently,  comparatively, 
toek  notice  of  the  discoveries  of  Spaniards  and  Portuguese  in  the  New 
World,  and  with  the  exception  of  Johann  liaysch,  a  German, w)io  copied 
in  its  essential  details  a  Portuguese  map  of  the  New  World  for  the 
Ronian  Ptolemaus  of  1508,  the  Viscount  di  Maggiolo  was  the  first  who 
brought  to  Naples  a  representation  of  the  newly  discovered  regions,  in 
1511.  Cartographic  activity  in  Italy,  up  to  the  year  1527,  remained 
dependent  upon  Portuguese  exemplars.  Spanish  influence  is  first 
detected  in  Maggiolo's  chart  of  1527.  The  Fren4;h  took  part  in  these 
naatical  and  cartographic  enterprises  much  later  than  the  three  south- 
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Mn  Koauuii^  natioBd — tbe  ItafikD.  Spcnisb,  sod  FortagDeee.  Ha«, 
lou.  an  Italian.  Hior.  V«Tmz2UkOL.  in  15:24,  vas  the  pioneer.  The  vc^- 
»ge  of  tht^  firsi  Frvftchona.  Jarquw  Cardo-.  followed  ten  years  later, 
and  altboui:h  none  ot  h-s  ori^nal  dnviDgB  bare  been  preserrvd,  tbe 
i«<so)l»  o(  bis  &rft  vuvagvs  of  diacovtrf  shown  npon  the  chart  of  tbe 
world  by  Nk-olas  Des^lk-a  of  Dieppe,  IMl,  couistitotc  tbe  oldest  French 
carto>n^t>l!ic  pul>Ii«'j[i<>[i$  known  to  na.  Tbe  latter  is  preserved  in  tbe 
Koyal  LJbnin-  at  l>t«cidfa. 

But  it  was  DO  k>Dger  possible  for  French  cartography  to  exert  a 
de<.-id^  ii)dueac«;  on  th«  coutr»ry.  tbeir  coemographers  showed  them- 
selvp^ii  deiiendeiit.  in  many  rcepects,  npon  Germaoy.  The  earlleet 
marine  chart,  in  a  modem  sense,  in  nautical  nse,  the  celebrated  map 
of  th«  world  by  Mercutor.  appeared  in  1569,  and  consequently  at  tbe 
clo.««'  of  the  period  here  under  discussion.  The  uncertainty  n-hicb  pre- 
vailed! for  a  decade  in  the  delineation  of  the  newly  discovered  coasts 
WHS  cfaicHy  due  to  ineiact  astronomical  calculations.  Calculations  of 
latitude  were  uatuntlly  more  easily  determioed  than  those  of  longi- 
tude. And  vhcQ  it  is  remarked  that  in  the  middle  of  the  Xew  World 
and  in  \Vest  Indian  waters  where  alone  the  Spaniard  was  enterpris- 
ing, vacillatiou  prevailed  lougest,  while  north  and  south,  in  ISew- 
fmindland  imd  Brazil,  whither  in  the  same  year,  15U0,  came  Portuguese 
vo»»els,  lung  before  the  geographical  latitude  was  clearly  determined, 
w«  ti(H!css»rily  reach  the  coneluaion  that  the  Portuguese  were  greatly 
in  advance  of  the  Spaniards  in  their  nautical  skill  and  ability. 

OuUunbns  himself  did  not  rise  above  tbe  companions  of  his  voyages 
in  knowledge  and  address.  Information  which  comes  to  us,  secood- 
hun<l,  of  his  observations  of  latitude  betrays  a  vacillation  and  hesi- 
tancy between  his  own  tendencies  and  tbe  chart  of  Toscanelli,  which 
he  blindly  followed,  tl.  Harrisse  iu  his  latest  work  (Discovery  of 
North  America,  p.  401),  adopts,  however,  tbe  conclusion  of  Humboldt, 
that  Columbus  did  not  have  on  board  a  chart  of  Toscanelli,  fur  he 
would  otherwise  have  crossed  the  ocean  under  tbe  parallel  of  Lisbon. 
I  consider,  however,  this  assumption  as  untenable,  for  the  rich  terri- 
tories of  Eastern  Asia,  the  goal  of  bis  western  voyages,  must  first  be 
sought  iu  tbe  torrid  zone,  or  in  tbe  viciuity  of  that  zone;  and  it  is  ques- 
tionable whether  it  would  not  have  been  more  advisable  to  navigate 
seas  that  were  known,  those  for  example,  from  Spain  to  the  Canaries, 
on  the  borders  of  the  Tropics,  than  to  seek  a  fresh  route  thither  on  the 
unknown  waters  of  Eastern  Asia.  In  the  second  place,  according  to 
the  chart,  as  may  be  seen  on  Bebaim's  copy,  two  very  desirable  anchor- 
ages were  to  be  anticipated  at  Antilia  and  Zipangu,  ou  the  western 
route,  from  the  Canaries  to  Zayton,  under  rather  similar  conditioos, 
whereby  a  sea  voyage  of  indefliiite  length  was  broken  in  a  very  wel- 
come manner.  In  tbe  third  place,  it  is  manifest  from  tbe  daybook  of 
tbe  Admiral  that  he  hoped  to  reach  these  points.  AntUia  he  desired  to 
visit  upon  his  return  voyage,  since  he  did  uot  And  it  precisely  where  be 
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Bapposed  from  liis  cliart  lie  ought  to  have  found  it,  and  Zipanga  he 
believed  be  had  discovered  on  reaching  Haiti.  All  the  observations 
of  the  discoverer  respecting  his  ideas  of  the  division  of  land  and  vater 
are  intelligible  through  this  chart.  Aud  lastly,  dae  weight  should  be 
given  to  tbe  highly  important  testimony  of  Bishop  Las  Gasas,  which, 
ill  view  of  its  manifold  repetitions,  should  not  be  treated  as  a  common 
error,  as  is  sometimes  the  case  with  his  statements. 

Las  Casas  (Lib.  I,  cbap.  12,  Bd.  I,  p.  96)  baviug  referred  to  the  geo- 
graphical error  of  Toscanelli,  through  which,  in  a  western  voyi^e,  the 
territories  of  tbe  "  GrossubaDS"  were  first  touched  upon  (remarks  which, 
in  an  abbreviated  form  and  in  part  also  verbally,  are  again  met  with 
in  tbe  histories,  Cbap.  YllI')  tbe  Bishop  adds  some  significant  para- 
graphs to  this,  which  are  omitted  in  tbe  histories,  being  somewhat 
equivocal  as  affecting  the  reputation  of  the  Genoese:  "La  carta  de 
marear  (Toscanelli)  que  le  'mvi6,  yo,  qne  esta  historia  escribo,  teugo  en 
mi  poder,  j  delta  ae  bard,  m^  mencion  abajo."  (Tbe  marine  chart  which 
I  sent  to  him,  I,  who  am  writing  this  history,  hold  in  my.cnstody,  and 
about  which  farther  mention  will  be  made  below.)  And  a  few  lines 
farther  on  he  adds:  "Y  ansi  creo  que  todo  su  vi^je  sobre  esta  carta 
land6."  (1  believe  also  that  bis  (Oolumbus's]  entire  voyage  was  based 
apon  this  chart.)  Then  Las  Gasas  again  returns  to  the  chart  in  bis 
narrative  of  the  first  passage  across  tbe  ocean,  when  Columbus,  on  Sep- 
tember 25, 1492,  withheld  tbe  marine  chart  of  Martin  Alfonso  Pinzon, 
while  borne  onward  upon  tbe  ocean  waters  which  they  were  then  navi- 
gating. It  was  a  question  of  tbe  precise  situation  of  Autilia.  Here 
I^aa  Casas  remarks,  in  chapter  38  (p.  279):  "Esta  carta  es  la,  queenvio 
Paolo,  fisico,  el  Flnrentin,  la  cual  teugo  en  mi  poder."  (This  is  the  chart 
which  the  Florentioe  physician  [Toscanelli  j  sent,  whom  I  bold  in  my 
power.)  Toscauelli's  chart  was  held  in  high  estimation  by  Columbus. 
Of  this  there  can  exist  no  doabt,  for  no  other  chart  was  obtainable  that 
exhibited  the  entire  ocean  as  far  as  the  coast  of  Asia.  He  most  have 
bad  the  Toscanelli  chart  on  board,  for  he  could  have  guided  himself  by 
none  other,  and  he  piloted  bis  course  solely  by  this  chart. 

The  uncertainty  of  tbe  latitudes,  which  I  ascribe  to  tbe  influence  of 
Toscanelli,  can  even  be  recognized  in  a  chart  handed  down  from  very 
early  times.  It  is  Table  II  in  Kunstmann's  Atlas.  Here  tbe  shores 
of  the  Greater  Antilles  extend  from  Puerto  Rico  to  Cuba,  and  directly 
onwani  to  tbe  northwest,  so  that  tbe  northwestern  extremity  of  Cuba 
reaches  the  fiftieth  ])arallel  of  latitude.  Such  errors  disappear  grad- 
nally,  and  not  until  after  the  death  of  Colon,  and  by  degrees  only, 
does  tbe  tropical  circle  assume  its  proper  position  relatively  to  tbe 
Greater  Antilles.  Tbe  correct  delineation  of  tbe  chart  does  not  come 
to  us  until  it  is  first  exhibited  in  tbe  general  map  of  1527.  On  the 
other  band,  the  mouth  of  the  Amazon  was  correctly  placed,  from  the 

'I  aity  Aeaignodly  " agiau  met  with,"  for  I  consider  here  Las  Cbsbs  aa  tbe  original 
and  the  oae  apon  which  the  historiana  have  drftwn. 
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uat  tilt)  chart  could  not  have  been  delineated  previoas  to  the  fact  of 
M  discovery.  On  tUe  other  baud,  it  cau  not  be  i>erceived  after  how 
iug  a  space  of  time  later  on  the  cartographer  executed  the  draft.  If 
lO  oue  of  the  cartographers  viho  were  residiug  in  Italy  prior  to  1508, 
•r,  more  correctly  speaking,  aoterior  to  1511,  take  any  note  of  America, 
.uch  a  fact  should  only  counsel  the  exercise  of  extreme  caution. 

luasmnch  as  with  but  few  exceptions  uoue  of  the  original  drafts 
lave  descended  to  us  from  remote  times,  and  since  the  labors  of  snc- 
sesBiTe  pdotH  have  been  collected,  for  various  years,  into  one  g^eneral 
map,  the  difficulty  of  ascertaining  the  exact  dates  has  been  greatly 
increased.  And  yet,  iu  the  case  of  the  port  entry  lecords,  whicli  were 
made  upiatheseaporttovns.itis  more  easily  established  thim  through 
tbe  sheets  subsequently  printed.  The  execution  or  engraving  of  the 
sheets  required  considerable  time,  the  printing  was  often  retarded  a 
year  or  more,  and  all  tliis  must  be  weighed  with  tbe  possibility  that 
tbe  latest  designs  were  not  always  at  the  disposal  of  the  scientist  from 
whom  these  charts  emanated.  It  thus  happens  that  such  sheets,  with- 
out any  date,  were  begun  too  prematurely.  It  is  well  ascertained  that 
designs  for  the  Ptolemaus  charts  (Strasburg,  1503)  were  six  years  at 
least  in  the  handsof  the  college  authorities  at  8t.Ui4  before  tlioy  were 
issued.  And,  moreover,  Duke  Renatus  (deceased  iu  160H)  hud  come 
into  possession  of  the  new  marine  charts  of  South  America  and  South 
Africa,  which,  at  a  later  period,  are  said  to  have  Embellished  tbe 
Ptolemaus  editions,  although  only  in  woodcut;  and  Martin  Waldsee- 
miiller  announced,  in  1507,  in  a  letter  to  Amerbacb,  St.  Di^,  of  the  5th 
of  April,  that  the  charts  would  very  soon  appear  in  print. 

The  first  known  globe  executed  by  Nordenskjold  presents  another 
illustration  of  this  (facsimile  atlas,  Table  XXXVIII).  The  origin  of 
this  globe,  Nordenskjold  thinks,  may  be  traced  to  the  years  1510  to 
1515,  while  Harrisse  has  proven  by  an  inscription  discovered  in  Haiti 
that  we  should  not  assign  a  date  earlier  than  1518  to  the  appearance  of 
the  globe. 

In  the  same  way  the  date  of  a  chart  of  the  world,  designed  by  Des- 
calicr,  the  so-called  chart  of  Henry  II,  was  antedated  by  a  year,  until 
the  inscription  with  the  date  itself  was  discovered  upon  the  original. 
If,  in  tbe  catalogue '  of  known  charts,  the  figures  of  thn  year,  in  the 
case  of  charts  without  date,  are  definitely  or  approximately  given,  these 
figures  should  iilways  be  received  with  reserve,  though  I  have  always 
endeavored  to  follow  only  tbe  most  approved  authorities. 

In  the  study  of  marine  charts  another  difficulty  arises,  where  it  is  a 
question  of  identification  or  determination  definitely  of  the  old  names 
and  reconciling  them  with  tbe  existing  local  appellations,  for  only  a 
portion  of  tbe  names  given  by  the  dis<;overers  themselves  have  been 
retained  np  to  the  present  time.  Many  of  them  likewise  have  been 
modified,  mutilated,  or  supplanted  by  other  appellations  even  during 
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st^ated  that  a  diacovery  sboald  Dot  be  credited  to  a  sea  captain  whose 
voyage  harmonizes  with  the  year  but  not  with  the  month  to  which  it  is 
accredited. 

It  may  be  profitable  and  asefal  in  investigatioDS  relating  to  this  sub- 
ject to  annex  here  an  alphabetical  list  of  the  saintly  names  most  tte- 
qneatly  in  use. 


Alexins |  July  17. 

AUSbIdU I  NoTenlwrl. 

Ambnwliu I  April  4. 

Andrsu NoTember  80. 

Addb Jul;  IS. 

Anaiuicliltlo  Uarle UBTcbSS. 

AntODllu Juiiur;7. 

AppolooU.— !  Fobnury  •■ 

ABcensio  Dombl !  HlmnelUirt. 

AmwubId  UkHn '<  Augoit  19. 

AaamnpIlD  R(.  Jabamili December  2T. 

AHamplioUarlB AagnitlS. 

Aagoatin A(ign*t2S. 

Bkltluiiu ,  Jtainaiy  4. 

Bu-bara Dc«embcr4. 

Bartolomaaa Aafa*tI4. 


Buta 

Bcnedictiu... 
BfTBbkld 


BoDlfkclu* 

CMberfua 

Chriilopb  CrUUml. . . 
CireniDcida  Doniini. . . 


Dioiiyuu 

DoiDlDica.Saiid*; 

DoDitnlciu 

Klervn  TboouDd  Virgliu. 


Bec«mber32. 
March  21. 
HajlO. 

July  14. 


.1  Jolyl 


%ilpbaiij      (TbrM      Klugi'  ,  Jisnary  •. 
D«y)-  1 

Fsdinuid '  Jaaoary  Itl. 

Fiutlaciu Octoberl, 

Oalloa OrloberK. 


.■  April  ». 
July  II. 


Besides  these  saintly  names,  which  for  the  most  part  fall  npon  their 
feast  dajrs,  though  occasionally  on  a  proximate  date,  the  nomenclature 
of  the  old  m:^  consists  only  of  characteristic  sj'mlmls  of  the  coasts 
visited  and  fint  taken  posse-isiou  of.    The  usual  names  are  as  follows 
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Agiiada wateriugplac 

Aldea village. 

AieDOR sand  banka, 

Anegadaa  ..ewaiupa. 

AucoD bay. 

Arbolediu.. forest. 
Arecifes  ...Tidgea. 


Bahia huj. 

Fondnrn deeps. 

Purna ^reek.  1  Bio    eaoon-  conceaUd 

Mar  baxa aballows.  [      dido.  river. 

Medanoa bilU.  I  Rio  veMe green  river. 

Plata flat  coast.  |  Salinaa salt  beda. 

Pracel alioala.  i  Tierra  liana.,  .plains. 


Similar  ^ueral  di^tiiictionH  jd  reference  to  tbe  character  of  tbe 
coast,  singularly  eaoagh,  may  be  fouod  upon  charts,  eDgraved  or  wood- 
cut; tliat  ia  to  say,  where  they  are  true  copie~s  of  marine  charts. 

The  woodcut  is  the  moBt  brittle  of  all  tbe  substances  employed,  bnt 
it  came  iu  use  in  all  Oermaii  charts.  And  here  distortions  of  names 
most  readily  occur,  as  well  as  limitations  iu  the  manner  of  representing 
the  prominent  local  featares.  The  woodcnts  fi-onttug  the  marine 
charts  ivre  inferior  and  rough,  and  reflect  only  imperfectly  the  informa- 
tion obtained.  Yet  such  a  merely  general  index  as  bahia  has  become 
a  symbol  of  recognition  for  a  whole  collection  of  maps.  The  well- 
known  Bay  of  All  Saints,  on  the  coast  of  Brazil,  was  converted  into 
Abatia  of  the  Saints,  through  tbe  general  distortion  of  names,  and 
afterwards  into  Abbey  of  all  the  Saint«.  It  was  in  the  German  cos- 
mograi)by,  beginning  with  tbe  Waldseemiiller  charts  of  1513,  that  the 
remarkable  error  first  appeared,  which  was  more  widely  spread  by 
Schoner  (Harrisse,  Discovery  of  North  America,  p.  275). 

THE  TERRESTRIAL  ORARTS  AND   GLOBES. 

It  deserves  to  be  particularly  emphasized  that  in  those  countries  to 
which  we  are  chiefly  indebted  for  discoveries  in  the  New  World,  no 
cosinographic  science  existed;  that  in  Spain  and  Portugal  no  globe  has 
been  produced,  and  only  very  rarely  has  a  woodcut  come  to  light. 

What  position  the  newly  discovered  islands — for  of  such  the  North 
American  regions  apparently  consisted — and  also  what  situiition  the 
great  continent  occupied  on  both  sides  of  tbe  equator  relatively  to  all 
other  parts  of  the  known  world;  whether  the  new  country  was  to  be 
included  with  Asia  in  a  broad  signification,  or  whether  connected  with 
Asia  at  all;  whether  what  is  now  called  North  and  South  America 
stand  in  any  correlation  to  each  other— all  these  i]uestions  were  dis- 
cussed in  Germany  and  Italy,  and  more  recently  in  France,  bat  neither 
in  Spain  nor  Portugal.  Various  opiuion.'s  and  doctrines  iu  reference  to 
these  points  aro.se  and  environed  the  gradual  evolution  of  the  new 
hemisphere. 

This  first  geogra])hical  development  of  scientific  inquiry  had  gone 
forth  from  Italy  with  the  resuscitation  of  the  " Ptolemiius."  German 
astronomers  and  mathematicians  were  once  more  seated  at  the  feet  of 
the  ancient  Alexandrine  geographers.  For  this  reason  the  charts  first 
printed  are,  almost  without  exception,  closely  allied  with  the  rapidly 
succeeding  editions  of  the  Ptolemiios.  In  accuracy  of  drawing  and 
copiousness  of  nomenclature,  the  Italian  editions  far  exceeded  the  Ger- 
man, for  here  we  find  the  copperplate.     In  Germany^  "OO-tiie, other 


DEVELOPMENT  OF  THE  CABTOGBAPHY  OF  AMEBICA.   295 

hand,  tlie  woodcut  predominated  in  the  restoration  of  the  charts.  It 
was  indeed  a  unitjiid  apparition  that  in  the  Romish  edition  of  the 
Ptoletnaus  of  15Ut5  a  map  of  tlie  Ifew  World  by  Johann  Iluysch  should 
present  itself.  Five  years  later  ou  appeared  the  Strasbnrg  Ptolemaus, 
that  being  the  earhest  chart  of  the  new  coutiiieut  executed  beyond  the 
Alps.  In  the  interim,  however,  globes  carved  in  wood  had  made  their 
first  ap|>earance. 

Notwithstanding  the  inferiority  and  brittle  nature  of  the  materials 
used  in  the  reduplication  of  charts,  Germany  won  fn)m  the  first  an 
acknowledged  supremacy  in  the  delineation  of  the  coniours  of  traos- 
atlantic  regions,  and  it  continued  to  exerci.se  this  influence,  uncon- 
teated,  for  a  full  half  century.  The  reason  for  this  is  a  very  remarkable 
one.  A  smaH  Vosges  town,  St.  Die,  the  seat  of  the  Lothringen  Duke 
Renatos,  who  died  in  150S,  acquired  the  foremost  prominence  in  the 
development  of  the  cartography  of  America.  Portuguese  mariue  charts 
and  the  reports  of  the  four  sea  voyages  of  Amerigo  Vespucci  possibly 
gave  the  first  impulse  to  this  art  iu  1506.  The  news  brought  to  the 
Duke  was  quickly  appreciated  in  the  halls  of  the  Gymnasium  College, 
to  which  Walther  Lud,  Binguiaun,  and  Waldseemtiller  were  attached. 
The  four  ni:iriue  voyages,  in  a  Latin  version,  soon  appeared,  accom- 
panied by  a  "  Cosmogmphiie  tntroductio,"  or  prehmtuary  initiation  in 
the  principles  of  cosmographic  science,  by  Waldseemiiller,  iu  which 
the  author,  as  is  well  known,  in  1507  proiK>sed  the  name  America  for 
the  new  continent.  At  the  same  time  it  was  decided  to  convert  the 
marine  charts,  which  had  just  reached  the  Duke,  into  a  fresh  etlition  of 
thfl  Ptolemiiu^.  The  restoration  of  the  charts  was  placed  in  the  hands 
of  Waldseemiiller,  but  alt«r  many  delays  the  work  at  length  appeared 
in  1513.  Uow  well  this  edition  succeeded  may  be  recognized  from  the 
fact  that  iu  1520  a  second  impression  became  necessary,  iind  the 
editions  of  1522  and  1525,  imitations  of  the  charts  of  the  same  locality, 
and  even  the  Ptolemiius  editions  of  Lyons  iu  1535,  and  of  Vienna  in 
1511,  were  reproductions  of  the  charts  of  Waldseemiiller. 

St.  Die,  however,  soon  lost  its  prominence  after  the  departure  of 
Waldseemiiller.  His  Ptolemiius  certainly  appeared  in  Strasburg. 
Nuremberg  succeeded  Straaburg  with  the  globe  of  Schoner,  and  thus 
»u  interest  in  cosmographic  works  extended  more  and  more  over  Ger- 
man territory  until  its  ticme  was  reached  at  the  close  of  the  era  iu  the 
Netherlands  and  on  the  Lower  lihine  in  the  writings  of  Mercator. 

If  we  now  take  a  retrospective  glance  at  the  period  when  German 
cosmographers  dominated  in  cartographic  designs,  from  1508  to  1509, 
several  types,  partly  contemporary  and  partly  subsequent,  reveal 
themselves,  and  acquire  prominence  in  the  representation  of  the 
newly  discovered  regions  of  the  globe. 

In  the  interval  of  time  here  indicated  seven  different  typos  may  be 
distingaishetl : 

(1)  Johaun  Itaysch,  1508.  In  Korth  America  the  well-known  coun- 
tries  of   Greenland,   Labrador,   and   Bacciitaos  (Newfoundland)  are 

ogle 
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regarded  as  the  eastero  coasts  of  Asia,  whose  farther  esteoaioD  soath- 
vard  is  given  entirely  io  accordance  with  Behaim-Toscanelli.  Soath 
America  lias  no  connection  with  it. 

(2)  Waldseemiiller,  1509.  The  "  Globnstypos,"  or  globe  type,  with 
the  designation  America.  The  New  World  does  not  belong  to  Asia, 
but  consists  of  two  parts  or  divisions  int«r3ect«d  by  the  ocean.  The 
Central  American  straits  are  a  characteristic  feature.  This  impression 
is  adopted  by  Bonleuger,  Schoner,  the  so-called  Leonardo  da  Yioci, 
and  Nordenskjold's  globe  (Table  37),  together  with  Apian,  Grynaos, 
and  Hontems. 

(3)  America  coilstitates  an  homologous  body  of  land,  lying  at  a  con- 
venient distance  from  Eastern  Asia  and  Western  A&ica.  Stobnecza, 
1612;  Waldsemiiller,  15i;i. 

(4)  Korth  America,  for  a  considerable  extant  of  territory,  is  connected 
with  Asia.  It  is,  in  part,  a  tendency  toward  the  first  type.  Accord- 
ing to  Harrisse  (Discovery  of  North  America,  p.  284),  the  idea  is  to  be 
referred  to  Peter  Martyr's  Enchiridion  (T)e  nupcr  sub  D.  Cardo  repertts 
insnlis,  simulque  incolarum  moribus.  Basel,  1521).  Perhaps  Johatin 
Schoner  likewise  has  given  credit  to  these  views  in  bis  obsolete  globe  of 
1523,  as  he  has  doubtless  done  in  his  Opnsculum  Oeographicum  (NUru- 
berg,  1533),  in  which  he  writes,  "Unde  longissimo  tractn  occidentem 
versus  ab  Hispali  terra  est  quse  Mexico  etTemistitan  vocatnr,  in  superiori 
India,  quam  priores  vocitvere  Quinsay  (thence  for  a  considerable  extent 
toward  the  west  from  Hispali  is  a  conntrj-  which  is  called  Mexico  and 
Temistitan,  which  in  Upper  India  our  predecessors  named  Quinsay). 
Apparently  before  Schoner's  little  treatise  this  idea  had  been  promul- 
gated by  the  Hollander  Franciscus  Monachus,  1526,  upon  the  hemi- 
sphere drawn  by  him.  This  opinion  was  disseminated  by  Oronce  Fin6, 
and  particularly  in  the  Italian  Ptolemitns  editions  (Venice,  1548, 1561, 
1562),  and  for  a  long  *hile  it  found  approval  in  Germany  also. 

(5)  North  America  is  not  united  to  Asia,  bat  is  separated  from  it  by 
acontinnous  sea,  which  becomes  narrower  and  narrower  from  the  north 
to  the  east,  and  is  almost  reduced  to  a  strait.  The  western  coast 
extends  in  a  semicircular  configuration  toward  tlie  North  Atlantic 
Ocean.  The  marine  route  formerly  traced  in  the  middle  of  the  New 
World,  is  placed  toward  the  north,  and,  in  polar  latitudes,  is  bounded 
by  Asia.  This  extends  throughout  the  whole  of  America  as  far  as 
Greenland. 

(6)  Type  of  Sebastian  Munster,  in  which  the  indueuce  of  the  chart 
of  Verrazzano  and  of  Maggiolo  in  the  north,  especially  through  the 
isthmus  south  of  Newfoundland  becomes  apparent.  Sonth  America 
assumes  an  uncouth,  faTitastic  form. 

(7)  North  America  and  northern  Asia  lie  east  and  west,  and  not 
north  and  south,  relatively  to  each  other  as  in  (5).  A  martno  strait,  in 
shape  and  location  reminding  us  of  Bering  Straits  separates  the  two 
'»>ntinents  and  is  called  Fretum  A  nian.    This  view  is  first  met  with  in 

altieri's  chart  of  1666.    Mercator  lollows  it  in  1509  and  Ortelius  In  1570. 
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AMTAltCTICA:   A  VANISHED  AUSTRAL  LAND." 


By  Henrt  O.  Forbes. 


The  stadeDt  of  the  general  fauun  and  flora  of  tbe  differeut  coantriea 
of  the  world  sooa  flods  himself  faced  by  tbU  remarkable  fach,  that  tbe 
same  species  of  a  genus  or  the  same  genera  of  a  family  often  occur  at 
spots  on  the  eartb'a  surface  separated  by  euormoas  distances,  id  the 
interval  between  whicb  there  is  to  be  found  not  a  single  specimen  of 
any  of  them.  Before  the  Darwinian  era  we  were  taught  that  those 
similar  isolated  forms  originated  where  tbey  are  now  found  by  the  flat 
and  at  the  incomprehensible  will  of  the  Creator;  an  explanation,  how- 
ever onsatisfying,  which  there  was  no  going  behind.  The  purpose  and 
design  in  this  distribution  may  have  appeared  strangely  erratic  and 
arbitrary,  yet  oar  longing  to  "  know  why**  had  to  be  stifled  before  this 
ultimate  fact  that  the  power  that  willed  it  so  was  inscrittable;  nor 
dared  one  to  question  further  without  incurring  the  chaise  of  sacrile- 
gionsly  prying  into  the  unknowable.  The  light  from  laborioas  embry- 
ological  investigation,  however,  revealed  no  fact  more  clearly  than  this, 
that  tbe  individuals  of  tbe  same  family,  however  far  separated  ou  the 
globe,  bad  arisen  from  the  same  progenitors  by  ordinary  generation, 
and  that  the  canro  of  tbis  random  distribntion  of  the  same  forms  of  life 
in  distant  regions  might,  without  impiety,  be  investigated,  and  with 
some  hope  of  snccess.  Having  once,  therefore,  all  bad  a  common 
ancestry,  how  did  they  reach  their  present  habitats,  which  are  half  tlie 
circumference  of  tbe  globe  apart,  and  separated  by  wide  and  deep 
oceans,  impassable  to  them  unless  tbey  flew,  swam,  sailed  over  on  floats, 
or  marched  across  by  bridges  that  have  disappeared  between  their 
present  and  tbeii  ormer  homest  For  instance,  tbe  members  of  that 
curious  family  of  animals  with  something  of  the  horse  and  tbe  elephant 
in  tbeir  conijmsition,  the  tapirs,  are  now.  found  only  iti  tbe  sodthern 
parts  of  South  America  ou  tbe  one  side  of  the  globe,  and  in  tlie  center 
of  the  islands  of  Sumatra  and  Borneo  of  the  Malay  Arcbi]>elago  on  tbe 
other,  and  nowhere  else.    Their  bizarre  appearance  and  tbeir  do 
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■■ ,  -     .  '  -•   ^-  *.".•  ■ii.«-.'^  ^-«»"  ^'  -Ti-  3o»c  of  which  have  been 

..,-.--  J  ■'■■  ■ *ii;».a»--  »i->"f  o<h»8  the  caases  are  still 

I  -■*  •*/.''-;•  ■•>-►  '..<.  zjn-'ii»i  piAl«««t<*^*t8, Professors  Heir 
."I  (  t."r.  K- :.'«■!  V-*  *"^  *^  present  T^eCatioo  of  the  Eastern 
-•  .•m/T  Ati^r  IX  f-Ji.  ''f  •*^  remartaWe  resemblances  to  that  which 
(l....;i.l.i'l  Ml  (,iif"|^  (Inm.g  the  Miocene  age.  and  they  aaggested  the 
I,  ,,u\hi*\*  M.-it  fliiiirijt  tlic  Miocene  period  Earoi« and  America  were 
rir'iM'il  l(v  »  It'iid  liriduB  (lonn  celebrated  as  the  Atlantis  continent), 
lilili  "Itflcln'il  (WTiiHt  tlic  Atlantic  Ocean.  By  the  perasal  of  the 
r  ..,i\  tif  Mi<""'  iHttiiriiotH,  Kwhcrches  Bar  le  Climat  et  la  Vegetation  da 
I',  .1  ■) Vttlpni'.  riiid'tMipr  Oliver,  of  Kew,  having  been  induced  to  inves- 
ll'i'i.  "(imHiillv  111"  ii'latii>ii«  between  the  Tertiary  and  some  existing 
,l''',''-  H,ii  li'd  III  (In-  ciinclnNion  that  the  intercommanity  of  "tj-pes 
Vt  ■'  I'l'illiu  h'-'l"  "f  '"^""'l*"  "'"•  "'**  Pi^s^"*  flora  of  the  eastern 
.1'  ,  'i„i  ||„.N.»vlh  Ami'vinmi'mitiHent  took  place,  not  over  an  Athui- 
"  \'\  ^\^'\  \\\»\  pi>ibiit>1v  ii>  n  nmiiMHUtively  hiph  latitnde  to  the 
"  '  "'i'Tl..'r*'"^'-'^"'^'""'  ■"'■*'  **  "*  say.  that  the  flora  of  Europe 
'.  "  \  1.,-  .1  iiin.-  ■>^  <"  '''■•'  •'l^*"''-''  l»cc.»nM>  more  and  amre  genial 
''  "''*"'"''■  "  ■  ^^  ^^^^  ^^^^_j  t!;05:o<>  il  d:si*rs*d  sonlhvaid  again 
'"'■  '' '  '  "'''"'y'''  ^_^\^.  ^'  _,  ^„,  1j  ^..visiNf  As.-.**i«d  A»w*ea  as  it 
'  '  ''""  'Z'^'  ' ."'  ,  ',^'  .,  "  ',-i,ni  %  k'.-!- ftl  <-..nnti<'  aiid  a  TCjwtrJTiuM  of 
■■'■''  '  "  '  ,  '.  ,'  . ,  ,  Vi  v^\'^:  f^  *  ■*^'  ^-  ■W'Av^  ^-^  **"  ihe  S«nh 
*■    '   '  ■•  ■     ■  ■  '  "J  '     _,,„_,i„^,.^  niftt,!'!-::  1 '  ilK- «i5«r*- «rf  thf 

'      "   "  ,v,    ^1,    ,'.«,-  ^-K-Tc^t.  'I-   x\\KH-  TM>w  itl^•'h^■■d 

^        -    ■  ■ .  1  , .)    .,  1    i-.»   r"V   <»-■  '■"'  nnrtii  liiai.  m>d- 

.-,     ■...■•-■  -.-■■   •■-   ■"  ''^  -tif^«'  imii-aifld 
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by  Mr.  A.  R.  Wallace  ou  tlie  east  and  vest  sides  of  what  is  known  as 
"Wallace's  Line,  which  separates  the  two  Malayan  islands  of  Bali  and 
Ix>mboGk.  The  strait  that  separates  these  islands  is  so  narrow  that, 
standing  on  thevessePa  deck,  the  voyager  to  the  southward  lias  an 
excellent  view  of  the  land  on  both  sides,  and  can  admire  the  richly 
forest-clad  and  shapely  volcanic  cones  of  Agong  and  Ginjani  that 
tower  into  the  bine  ou  his  right  hand  and  ou  bis  left.  To  "the  eastern 
side  of  this  line,"  Mr.  Wallace  writes,  "the  fauna  and  the  flora,  and 
even  the  people,  are  essentially  Australian;  to  the  western  side,  as 
essentially  Asiatic."  On  crossing  this  naiTow  passage  from  west  to 
east  "  we  at  once  meet  with  those  singular  birds,  the  wound  builders 
(Megapodidce),  as  well  as  friar  birds  aud  other  honeysuckers,  cockatoos, 
and  many  other  groups  found  only  in  the  Australian  regions;  while  a 
large  number  of  animals  found  iu  everyone  of  the  Asiatic  islands  sud- 
denly disappear.  We  have  no  longer  any  elephants,  rhinoceroses,  or 
tigers;  none  of  the  camivora  but  a  common  civet  cat  (probably  intro- 
dnced);  none  of  the  insectivora  but  a  small  shrew;  none  of  the  num- 
erous rodents  but  one  or  two  squirrels."  Yet  in  the  island  of  Timor, 
iartber  to  the  east  aud  near  to  Australia,  one  is  surprised  to  discover 
that,  as  Mr.  Wallace  points  out,  the  characteristic  mammals  of  Aus- 
tralia are  quite  as  much  wanting  as  those  of  Asia.  ''Birds,"  he 
remarks,  *'  however,  having  the  means  of  passing  freely  over  nniTow 
arms  of  the  sea,  have  not  been  excluded,  aud,  notwithstanding  the  sim- 
ilarity in  chmate  and  vegetation  to  Australia,  the  birds  and  insects  of 
Timor  more  resemble  those  of  Java,  Celebes,  and  the  Moluccas."  These 
islands  are  hundreds  of  miles  apart,  and  yet  have  an  iuterchange, 
according  to  Mr.  Wallace,  of  many  birds  and  insects;  while  from  Bali 
and  Lombock,  which  gaze  on  each  other  across  a  narrow  arm  of  the 
sea,  there  has  been,  when  the  distances  apart  of  the  two  localities  are 
compared,  only  a  slight  interchange.  In  South  America  again  we  have 
genera  of  monkeys  and  birds  living  in  abundance  along  one  bank  of  a 
river,  which  apparently  find  this  comparatively  uarrow  line  of  water 
an  impassable  barrier. 

In  a  paper  contributed  to  The  Fortnightly  Review  in  May  last  I 
referred  to  the  discovery  in  the  Chatham  Islands  {nttnr  New  Zealand) 
of  the  subfossil  remains  of  birds  which  were  up  to  that  time  known  to 
have  lived  only  a  f*iVf  hundred  years  since  in  the  Mascarene  Islands 
M  confirming  the  belief  that  there  must  have  existed  in  the  southern 
Beas  an  extensive  continuous  land  similar  t<>  that  in  the  Northern 
BemiHphere,  on  which  the  common  ancestors  of  the  forms  unknown 
iu>rth  of  the  equator,  hut  confined  to  one  or  more  of  the  southern 
eitreniities  of  the  great  continents,  lived  and  multiplied,  and  whence 
they  could  disperse  in  all  directions.  "This  lost  continent,"  1  observed 
then,  "I  am  constrained  to  believe  from  evidence  which  spaee  does 
DotoQthe  present  occasion  permit  me  to  adduce,  lies  in  part  beneath 
the  Bontbem  ice  cap,  ami  it  approached  to  or  included  the  Antarctic 
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-..onti^  Vf  wi-.:  ip.  -x3ad»^i  aurthward  w  mite  with  tbe  soatb«ni 
—.-T^n:"!—  li  S'ura  \jia-*r:*,  rwrtap*  witk  Africa,  and  vith  the 
H.tev:!!^-!!*-.  ~.:f  J.  t:^7r-ii:.iiL.  jni  aw  Sav  Zealand  coDtineDtal  isl&oda." 
Tw  ■ar.:»T  «v-u,.H,-»  -,»  ■•buii  I  dt^  ivfisnd  I  porpose  now  to  i»j 

'>V;  i-;a  ■",■  xt^  <-:i  i— nx  ic  piewi^td  Cbwil  in  the  strata  of  th^T 
rT'iai^"  Tr-::.i.-' a--  -i  :»*-^-i>nti  ■«'  :b*  Sxitlwn  Qemisphere  so  iridely 
I'Mr*  1^  ~.if  <--ti-j  T  Siu'ii  A-wM-^-^  dM  Madagascar  region,  Anstra- 
'  .k  .b-<i  >•■«  'f^t^'i  T.\iiij  i'mi^'K'  pbacs  aad  animals  nnknown  in 
-'itt  y  rr  'I'm  H^^nI.>;->l>-'^  -»v«e<aiii£  ^o  BBDy  characters  in  comnion 
^-.  7.'  -;ii'»  tr  >i'.T  -a.ir  -  i«-v  iT*  *teieeo.lwl  &»■  the  same  stock. 

V-'  .viiiuir'-.T'  w--,i  •■-L-^  -'w  .L^isnbadoo  of  tbe  ostrich  groap  is 
wry  Tv^^i^^J.■.•'.  >'-x  JfiCiJ'i.  ai>  i:  B  scarcely  necessary  to  remind 
::■*  ->'j»;>r,  IS  ,v;.-->(-irrt;  -i  c  z'm  rwttiias  of  those  extinot  giants  of  the 
•t.r.  \  i-.'«T  fcs  -i'...k-v  ripi7  S'res  are  fooiid  aD  over  tbe  two  main 
■<.k  ■.:•*  -f"  ■*  •  I  J  ■  M:  ,T..-t:v  ■■•■.-■«<*.  and  they  Bight  have  been  gatb- 
^r\v!  —  r  ■!■  i'.i-"y  y  .ir*  ■■£  -'-i  <*n>-::^"t  i>y  Earopeans  in  vast  nombera 
:-.T£u  .•;•■  :^t?  ■^-  .*«  f  ■;  ->•■  ^-  cii  *s;  ■.evLiII v  in  the  interi(»-  of  the  pror- 
;;-i-vs  i'«"  V".*"  tiT-'—y  ^ -.1 « 'r.i^>.  .>r  r7i*ci  th*  sandy  flats  of  tbe  larger 
rucr*  '■"r^rv  t-v^  I' t.:  Ivtvc:*  «\p«.t*»l  by  tbe  action  of  the  wind. 
"l>f\  h,kvv  Ji:-^'  -xvc  -ic- .,!  ;3  c-jvv?^  nudm-  rock  shelters,  aud  in  the 
An.;v:{  t  :.'.',^n  s'x;  Uvs  »■*'  :be  rj::v¥*.  as  well  as  exhamed  in  enor- 
RLHis  i;i„t;  :::;<'s  fn.-!:  r"  <>  s*^:  S  ^  -'f  t-nh  islands,  where  they  have 
(•(•eii  d;^werv*l  h  ■:.:  lU-ri  :.'^:>t  :- t.T\»wds  of  many  hundreds.  These 
Innls  varuti  very  ;;;>.*;'>  r;  *;;e.  liie  larjrtr  specimens  attaining  a  stat- 
im-  .>t'  t"rv>m  1«'  t>'  1-  tivt.  T'.i-y  '.:A,i  S-:-.*^<»f  herculean  proportions,  and. 
lutsUi'ss  tt»  #>iy,  t::oy  "K>?rv  .;-.::i'  ur,.tb>  to  fly.  bnng,  indeed,  devoid  of 
witiss.  Tlxx'-.T  tV.i;:u'ni.  wii;vli,  si-.isrutArly  enou'-b,  have  been  preserved 
to  us  ill  (Mnsiil«T.(M*>  nnv,;Nrs,  sVn*w  tb.n  each  had  an  after  shaft  equal 
in  li>iii:tli  to  tlio  iiriitKiry  i>'.h!iios  of  their  oimtonr  feathers — forming,  as 
it  were,  a  iKml>lt>  tV;Uher — a  chawcteristio  mark  of  the  oetriches  of  tbe 
AustnUiitn  n>>:ioii,  the  emus  and  «>s*i>warie8;  and  they  all  possessed, 
on  the  metutJirsal  Inuie,  ariioular  pulleys  for  three  toes  instead  of  two, 
as  the  Afrinti)  o.<trieh  has.  Anstr.ilia  also  inclnded  in  its  bird  fanna 
of  ancient  ditys  a  };i»iit  ostrioh.  tbe  J>n>ntormiK.  and  now  jtossesses  the 
emu,  while  Hew  tininea  reckous  at  the  iiresenl  time  the  cassowary— of 
which  one  sjtecii's  crosses  into  Aui^tralia — among  its  wonderful  bird 
inhabitants.  In  the  distant  island  of  Madiigasoar  also  there  flonrished 
once,  though  now  extinct,  a  member  of  the  same  family,  the  ^]pyomi«, 
a  giant,  if  not  in  height,  at  all  events  in  tbe  balk  and  dimeusions  of  its 
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car,  and  Soath  America — that  is,  their  distribution  extended  rigbt 
rouod,  and  was  practically  confined  to  the  lands  of  the  Southern  Hem- 
isphere, in  which  the  area  that  each  occupies  is  seen  from  a  study  of 
the  map  to  be  separated  from  the  other  by  vast  stretches  of  aubridged 
ocean.  Yet  a  comparison  of  tbeir  skeletons — for  of  the  moa,  the 
-^p^omia,  and  the  Brmitomit  we  have  only  their  fossil  bones  to  judge 
from — leaves  little  doubt  that  they  are  all  ramifications  of  one  branch 
of  the  same  genealogical  tree  wbtch  flourished  in  a  r^on  which  I  hope 
to  indicate  in  the  course  of  this  paper,  and  that  they  wandered  in 
all  directions  firom  a  common  land  by  roads  which  I  shall  presently 
attempt  to  trace. 

The  traveler  interested  in  bird  life  who  has  spent  some  time  either  in 
South  Africa,  or  in  South  Australia,  or  has  had  the  good  fortune  to 
land  on  the  shores  of  Terra  del  Faego,  or  of  one  of  the  Antarctic 
islands,  can  scarcely  have  failed  to  watch  those  quaint  fishlike  birds, 
the  penguins,  which  are  for  more  at  home  under  the  water  than  they 
are  on  the  laud.  They  breed  in  euormons  rookeries  ou  some  of  the 
more  unfrequented  southern  islands,  bnt  they  are  met  with  in  all  parts 
of  the  Soathern  Hemisphere  south  of  40  degrees  of  south  latitude, 
each  island  or  continent  having  some  species  peculiar  to  Itself.  One 
important  point  in  their  history  is  that  none  of  the  family  have  ever 
been  found  on  the  northern  side  of  the  equator,  a  distribution  which 
has  probably  been  always  equally  circumscribed  within  these  latitudes, 
for  tbeir  earliest  fossil  remains— osteologically  identical  throughout  the 
enormous  period  separating  the  Ektcene  from  to-day — are  known  only 
from,  and  are,  so  far  as  I  am  aware,  confined  to  the  older  Tertiary 
formations  of  New  Zealand  and  Patagonia.  More  interesting  still, 
perhaps,  and  very  important  from  the  point  of  view  of  the  subject  of 
this  paper,  is  the  distribution  of  the  Chionidas,  a  family  of  beautiful, 
pure  white  birds  related  to  the  plovers.  These  sheath  bills,  as  they  are 
named,  &om  a  conspicuous  horny  sheath  at  the  base  of  their  bills,  are 
not  marine  but  land  birds.  Tbey  would  be  incapable  of  undertaking  a 
jouniey  of  any  great  duration  across  the  sea  where  they  could  fiud 
nothing  to  support  them;  yet  they  are  found,  so  for  as  known,  in 
Fuegiaand  the  neighboring  Falkland  Islands,  but  not  elsewhere  till 
the  for-off  Orozet  Islands  and  Kergnelen  Land  are  reached. 

The  well-kiiowa  and  brilliantly  plumaged  fomily  of  the  parrots  have 
their  chief  development  in  the  Australian  and  Papuan  regions  and  in 
South  America  (with  a  few  stragglers  extending  up  into  North  Amer- 
ica), while  in  South  Africa  and  in  India  they  are  but  feebly  represented. 
Now,  the  curious  owl  parrots  and  the  keas  of  New  Zealand  have  a 
near  relationship  with  the  macaws  of  South  America.  Mr.  Wallace 
has  pointed  out  that  an  unusual  style  of  coloration  occurs  among  the 
parrots  living  both  in  Austraba  and  the  Mascarene  Islands;  and  that 
though  in  Austraba  alone  species  adorned  with  crests  now  live,  yet 
within  the  historical  period,  aach  forms  occurred  in  the-  Mascarene 
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rfgioii  alHO — I'linntcters,  he  observes,  "  too  well  marked  to  be  coDsidn«d 
lU'cUleiital." 

I II  thu  Ma,^'  uuiiiber  of  The  Fortnightly  Review  I  have  already  drawn 
attention  to  the  fact  that  what  now  constitutes  New  Zealand  was  but 
a  Hniall  portion  of  a  once  far  greater  cotitineotal  island — which  I  have 
dtisigualed  Antipodeu — stretching  south  as  far  at  least  as  the  Mac- 
<liiarie  Islands,  and  embracing  all  those  lying  between  theoi  and  the 
<!hathani  Islands,  as  well  as  those  to  the  northward  asfar  aa  \ew  Cale- 
donia, till!  Fiji,  the  Friendly,  and  the  Kermadec  islands — a  fact  de- 
dui-e<l  from  the  ocx^nirenco  on  these  separated  specks  of  laud  of  a 
itonnnoii  llura  and  fuana  which  could  not  have  arrived  there  without  a 
land  (!OutiectIoii.  (>>i  that  occasion  also,  I  spoke  of  the  discovery  in 
the  Chatham  Islands — ati  UDSubmerged  portion  of  a  once  lai^er 
ri-gion — of  the  remains  of  two  birds,  a  tall  coot  {Fulica)  and  a  giant 
wood  liitn  (Apkanaptergjc),  which  bad  been  previously  known  only  from 
Manritins,  which  is  also  an  unsubmerged  portion  of  a  greater  conti- 
nental island,  coin|irisiug  Bourbon,  Rodriguez,  Madagascar,  and  the 
Seychelles,  The  wood  hens,  a  group  of  rails  entirely  unknown  in  the 
NorUit-rii  lleiiiiHphuru,  are  in  the  Southern  Hemisphere  absolutely  con- 
llniHl  to  the  isliinds  of  the  Mascareue  and  of  the  New  Zealand  archi- 
|iclagnes,  which  are  Heparatod  from  each  other  by  nearly  half  the  cir- 
cumference of  the  globe.  Dr.  It.  Bowdler  Sbarpe,  speaking  not  long 
ago  on  the  "  (leogritphical  distribution  of  birds,"  at  the  Royal  Institn- 
tioii,  iH>inted  out  additional  relationships  (so  far  as  their  birds  are  con- 
corned)  between  thcHu  same  widely  disconnected  areas.  In  the  Island 
of  Uouibon  there  lived,  till  exterminated  in  comparatively  recent  times 
hy  incursive  Europeans,  a  very  [lecnliar  starling  with  a  long,  slightly 
curved  bill,  the  Fregilttpua,  the  sole  species  of  its  genus,  of  which 
one  of  the  very  few  examples  that  have  been  preserved  may  be 
seen  mounted  in  the  bird  gallery  of  the  Natural  History  Museum  at 
South  Kensington.  It  ha&  no  near  relatives  except  in  New  Zealand, 
where  the  hnia  {Hcleralocha  gouUii],  a  bird  e<|ually  peculiar  and  the 
solitary  representative  of  its  genus,  forms  one  of  the  most  interesting 
species  of  one  of  the  most  peenliar  bird  faunas  of  the  world.  Tbe 
buia  is  remarkable  in  that  tbe  shaiieiof  the  beak  differs  in  the  two 
sexes  in  a  most  surprising  manner  in  association  with  habits  unique,  I 
believe  bo  far  as  yet  known,  among  the  feathered  tribes.  The  bill  of 
the  male  is  straight,  powerful,  and  sharp;  that  of  the  female  is  in  com- 
parison exceedingly  slender  and  strongly  curved.  Tbe  straight-beaked 
bird  breaks  up  and  chips  off  tbe  baik  and  wood  of  trees,  in  quest  of 
tbe  tunnels  or  the  grubs  and  insects  that  form  their  food;  while  the 
closely  attendant  female  is  keenly  on  the  alert  to  thrust  in  its  slender, 
curved  forceps — where  the  beak  of  its  mate  is  useless — to  extract  each 
nutritious  morsel  when  discovered.  Both  are  aberrant  forms  of  their 
family,  and  both  are  on  excellent  authority  considered  to  be  descend- 
ants of  the  same  ancestor.     In  the  same  two  regions  also,  alone  of  all 
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tli6  globe,  there  lived  dowo  to  recent  times,  bat  now  extinct  (though 
ornithologists  still  cliug  to  the  hope  that  a  ftiw  survivors  may  yet  be 
bolding  out  in  the  dense  forests  of  southwest  Xew  Zealand),  giant  and 
flightless  forms  of  bine  water  hens  of  tw6  species,  the  Aptomia  and 
the  ^otomia,  of  which  as  yet  no  remains  have  come  to  light  in  the 
Mascarenes,  but  are  still  found  iu  some  abundance  in  the  caves  and 
swamps  of  New  Zealand. 

The  late  Mr.  W.  A.  Forbes  (who  at  the  time  of  his  death  held  the  yioat 
of  prosector  to  the  Zoological  Society  of  London,  and  had  already  be- 
cuDie  distinguished  as  one  of  the  best  anatomists  who  had  filled  that 
most  coveted  position),  a  man  remarkable  for  the  keenness  of  his 
observational  powers,  for  the  amount  and  accuracy  of  his  knowledge, 
and  for  the  tenacity  of  his  memory  in  regard  to  details  of  structure, 
investigated  shortly  before  his  death  the  relationships  of  Acanthido- 
sitta  and  Xenicun,  lively  little  birds  which  are  year  by  year  becoming 
rarer  iu  the  forests  and  on  the  rocky  talus  slopes  among  the  hills  of 
New  Zealand,  and  discovered  that,  in  their  anatomical  structure,  they 
have  their  nearest  allies  in  Australia  (and  in  part  of  the  Indian  region), 
iu  Madagascar,  and  in  South  America,  but  exhibit  few  affinities  with 
groups  elsewhere. 

Professor  fluxley  many  years  ago,  in  a  remarkable  paper,  read  before 
the  Zoological  Society  of  London,  on  the  "Classification  of  the  galli- 
naceons  birds,"  pointed  out  that  they  fall  into  two  great  groups,  the  one 
broadly  occupying  the  Northern  Hemisphere,  and  the  other  the  South- 
ern Hemisphere — Australasia  and  South  America;  thus  dividing  the 
globe  into  two  regions  which  ho  felicitously  termed  Arctogiea  and 
Notoga;a.  The  ffotogiean  section  of  these  birds  conii)rises,  according 
to  him,  the  mound  builders  or  megapodes  (Me^apodidic)  in  Australia 
and  Papuasia,  and  the  curassows  orguans  {Gracidw)  in  South  America, 
both  of  which  possess  structural  peculiarities  in  common,  pointing  to 
the  fact  that,  though  they  now  form  different  and  easily  distinguish- 
able families  occupying  distant  areas  of  the  globe,  tbey  sprang  from 
the  same  stock. 

Tlie  relationships  of  the  groups  above  referred  to  as  distributionally 
confined  to  the  Southern  Hemisphere  are  such  as  as  can  be  made  out 
by  a  trained  eye  without  going  very  far  below  the  surface;  they  are 
classified  by  characters  either  externally  apparent  or  recognizable  by 
an  examination  of  their  osteology  or  their  <;o»rser  anatomy.  But  we 
have  evidence  of  the  same  afiiutties  existing  betweeij  the  fauna  of  the 
same  dissoclateil  portions  of  the  globe  derived  from  a  deegier  source 
than  these.  It  is  but  a  year  or  two  since  science  had  to  mourn  in  the 
death  of  Prof.  W.  K.  Parker  the  loss  of  the  very  foremost  of  Kngllsh 
uiorphologists,  and  one  whose  knowledge  of  the  anatomy — especially  of 
the  cranial  structure — not  only  of  birds  but  of  most  of  the  vertebrates, 
from  their  embryo  onward,  was  unrivaled.  In  one  of  those  numerous 
erudite  papers,  lit  up  with  brilliant  thoughts  and  analogies  expressed 
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to  deeply  poetic  langn^e — unexpected  io  a  subject  so  abstrase — and 
saperbly  iUastmted  by  his  own  hand,  which  he  commanicated  to  the 
Zooh^cal,  the  Linneao,  and  the  Boyal  societies  of  London  throogfaont 
his  life,  be  has  published  his  labors  on  the  embryology  of  some  of  the 
birds  most  ^^lical  of  Aostralia — its  piping  crows,  il«  warblers,  and 
wood  swallows.  He  devoted  himself  especially  to  the  investigation  of 
the  cranial  oonstitntion  of  birds  from  the  very  early  stages  of  their 
existence,  for  be  believed  that "  the  outward  form  of  the  face  gives  the 
keynote  to  the  whole  bird;  the  head  and  face  rule  all  things  else,  and 
every  modification  in  the  organs  of  progresaon  mast  be  in  correlation 
with  that  deei>er  change  which  has  taken  place  iii  the  storied  and 
labyrinthine  walls  of  the  head.''  He  has  unfolded  their  line^e  as  surely 
as  if  he  had  witnessed  its  gi-owth  tlirough  the  vistas  of  the  past  by 
watching  the  laying  together  of  each  separate  element  before  "nature 
with  her  cementing  osteoblasts  bad  obliterated  their  individuality ." 
His  penetrating  eye  detected  the  existence  and  recognizeil  the  signifi- 
cance to  their  )>edigree  of  those  stmctnres,  useless  to  the  individual 
save  that  each  new  life  must  inexorably  ascend  by  all  the  stairs  its 
sires  have  climbed  before  it,  which  within  the  secrecy  of  the  egg  appear 
but  for  an  hour  and  vanish  as  if  they  had  never  been.  The  pedigree 
of  the  A-ustralian  piping  crows  arises,  be  finds,  from  the  same  stock 
as  the  South  American  eieepers  (DendroiXtUtplidtB);  that  of  the  wood 
swallows  oscillates  between  the  ground  thrushes  (Pitta)  of  the  Malayan 
Archii>elago  and  the  South  American  ant  tfarusbes;  while  the  affinities 
of  the  Anstralian  warblers  are  with  the  wood  warblers  {MHiotittid(e)  of 
South  America,  all  of  tliem  declaring  their  affinity  with  forms  in  the 
Southern  and  not  in  the  Northern  Hemisphere — with  groups  whose 
homes  are  not  on  land  areas  continuous  to  their  own,  but  in  regions 
separated  by  wide  seas,  and  at  their  farthest  limits  apart. 

Such  is  the  singular  disconnected  distribution  of  many  undoubtedly 
relat«d  groups  of  birds,  of  which  I  shall  presently  proceed  to  offer  an 
explanation. 

Before  doing  ho  I  wish  to  refer  shortly  to  other  sections  of  the  ani- 
mal kingdom.  It  is  well  known  that  Australia  is  the  great  home  of 
those  lowly  mammals,  the  marsupials,  the  survivors  of  a  family  whose 
ancestry  dates  back  to  the  Trias,  a  period  to  be  reckoned  only  in  ages, 
each  perhaps  of  thousands  of  centuries.  They  are  remarkable,  as  an 
order,  for  containing  "isomorphs,"  or  groups  that  have  the  form  and 
habits  of  many  of  the  various  otber  orders  of  the  animal  kingdom. 
The  kangaroo  rats,  for  instance,  assume  the  ontwani  form  of  our  com- 
mon rat8  and  mice;  others,  such  as  the  beautiful  fiying  phalangers, 
resemble  the  insectivora;  while  yet  others,  as  the  "Tasmanian  de%il,'' 
are  large,  carnivorous,  and  wolf-like.  Besides  the  Austromalayait 
region  (which  is  a  part  of  the  Aastralasian  realm),  no  region  of  the 
globe  now  contains  any  repreHCUtative  of  those  iniplacental  animals, 
except  the  South  American  forests  {trom  which  two  species  have  wan- 
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dered  into  North  America).  The  present  marsupials,  however,  of  Sonth 
America  (the  opoBfinmB)  exhibit  wide  differences  from  tlioae  now  living 
in  Australia;  it  is  therefore  not  improbable  that  their  ancestry  mast 
be  traced  from  forms  once  living,  but  now  found  fossil  only,  in  North 
America.  The  singular  implacental  animals  now  living  in  Australia 
are  but  the  remnaQts  of  a  mach  more  extensive  onler;  for  there  van- 
ished at  a  comparatively  recent  geological  period  other  marsupials  still 
more  remarkable,  especially  for  their  gigantic  size.  Of  these  the  Dip- 
rotodon  attained  to  the  pro|>ortionB  of  a  rhinoceros  or  a  hippopotamus, 
and  the  Notolherium  to  that  of  a  tapir;  while  the  Tkylacoleo  was  a 
gtgautic  carnivore  that  probably  preyed  on  the  titanic  kangaroo  of  its 
own  time,  an  animal  twice  as  tall  as  the  largest  "old  man  "  kangaroo 
(Macropu*  gigantewi]  of  to-day,  which  has  been  known  to  measure 
nearly  6  feet  from  tlie  point  of  the  nose  to  the  root  of  the  tail.  The 
interest  of  these  remains  has  largely  increased  througli  the  discoveries 
of  South  American  paleontologists  who  have  quite  recently  disinterred 
most  nnexi>ected  treasures  from  the  early  Tertiary  formations  of  Pata- 
gonia, the  first  fruits,  there  can  be  little  doubt,  of  a  large  harvest  of 
remains,  which  will  certainly  shed,  as  those  already  obtained  have 
done,  a  flood  of  light  on  the  pedigree  of  many  of  the  vertebrata.  Among 
these  treasnres  not  the  least  important  are  the  remains  of  marsupials 
closely  related  to  the  Diprotodon,  the  Tkylaeoleo,  and  the  "Tasmanian 
devil,"  which,  in  the  Pliocene  iige,  flourished  in  Australia  in  sucli 
abundance. 

Turning  for  a  moment  to  still  another  group  of  the  vertebrata,  we 
find  that,  in  such  widely  separated  spots  as  New  Zealand,  Pabigonia, 
and  the  Falkland  Islands,  there  occur  identical  species  of  different 
families  of  fresh-water  fishes.  The  sontheru  salmon  (HaplockitQnidcB) 
and  the  southern  pikes  {Oaltudida),  which  are  tiuknown  north  of  the 
equator,  and  which  could  not  traverse  the  wide  expanse  of  ae^  dividing 
tbem,  are  common  to  all  of  these  localities.  Our  highest  authority  on 
ichthyology,  Dr.  A.  (Jiintlier,  F.  11.  S.,  of  the  British  Museum,  has  shown 
that  between  the  fresh-water  fishes  of  Africa  and  Australia  there  is, 
thougli  not  an  extensive,  yet  an  unmistakable  affinity;  while,  with 
many  poiuts  of  close  resemblance  between  them,  the  African  and  the 
South  American  genera  are  distinct,  which  indicates  "  tliat  the  separa- 
tion of  these  continents  must  have  been  of  old  date." 

Mr.  Wallace  has,  in  his  great  work  on  The  Distribution  of  Animals, 
pointed  oat  how  insects,  as  a  whole,  show  a  decidetl  interrelation 
l>etween  Australia  and  Sonth  America.  Indeed,  he  believes  that  the 
Bvpreatidte,  a  family  of  brilliantly  metallic  beetles,  had  their  original 
development  in  temperate  Australia,  and  spread  thence,  while  of  the 
longicom  beetle  (so  named  from  the  long  antennse  they  i>osseHs)  several 
genera  are  common  to  South  America,  Australia,  and  New  Zealand, 
indicating  that  there  must  have  been  some  means  of  communication 
between  these  countries  other  thau  at  present.    Both  the  families  of 
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innectH  I  have  ineiitioiied  arc  wood  borers,  living  on  soft  or  decaying 
tn'CH,  ill  wliii^h  nlso  their  larvjB  are  developed,  and  necessarily  re<nur- 
iug  for  tlinir  tcrowth  and  differentiation  throughout  the  area  of  their 
<liB)iorsiil  an  extensive  nud  woo<led  region — a  genial  Autarctic  conti- 
nent, not  merely  a  series  of  far  separated  islands  as  stepping  stones. 

Ntuff  if  wo  turn  to  the  plants  of  the  Southern  Heinispliere,  and  con- 
lliiiiig  our  iitteiilian  t^i  those  not  or  but  slightly  ranging  with  the  nortii 
of  Mie  ei|nntor,  we  find  lliey  present  the  same  problems  for  solntion  as 
th«'  fauna  olVennl.  Of  the  charming  saxifrago  family  there  are  two 
trilM'B(/',V((Y/"H(«raud  r«n«jn'cfr)  which  are  peculiarly  restricted  to  the 
south  of  the  etjuator.  They  contain  between  them  thirty-five  genera, 
of  which  two  only  (^roas  thiit  bomidnry;  the  remaining  thirty-three 
giMiera  an>  distributed  to  New  ('ah'donii*.  New  Zealand,  Australia  (with 
TiiHinania),  the  Mascan^ne  Islands,  and  South  America  areas,  as  we 
have  seen  ab(>^'o  in  the  ciist>  of  tlie  faiimi,  occupied  by  related  fonus, 
Miongh  Hi'iMiiaU'd  from  each  other  by  wide  seas.  Of  the  forty-nine 
genera  and  nine  hundred  aiid  fifty  species  of  the  I'rotmcra;  the  whole, 
with  tht>  inllnil'Osinial  i>X('ei>tion  of  twenty-five  species  whioh  pass  to 
the  (inrlh  of  the  line,  aii^  distributed  across  the  same  regions,  with  the 
atlditiiin  of  Honlh  Africa.  The  genus  Cryptocarya  of  the  Pencaeca  is 
common  to  New  /ealand,  South  Africa,  and  South  America,  while 
atnoiiK  the  genera  of  other  families  we  find  some  occurring  in  Africa, 
or  MndagHst'ar  and  Anstnilia;  some  in  Tasmania  and  South  America 
only;  whih'  others  crop  np  in  South  Africa  and  Australia,  or  New 
Zealand,  or  in  New  Zealand  and  South  America  only.  l>uring  my 
travels  in  the  Knstein  Archijielago  I  discovered  growing  wild  in  the 
forests  of  .lava  a  large  colony  of  I'etran  arlmreu,  an  arboreal  species  of 
the  VfflitMuwir,  which  at  the  end  of  the  last  century  (1792)  was  found 
by  Smith  and  W'ili'w,  on  the  /VitriV/cmx'expwlition,  in  Timor  also.  This 
genus  was  previously  sup|iosed  Xo  be  entirely  conlined  to  the  South 
American  continent.  And  yet  another  near  relative,  Petrosa  vitex,  has 
still  more  hit*>ly  been  obtained  in  the  islands  of  Bum  and  Amboiiiiu 

Now,  iw  to  the  e\|>lanatioii  of  these  instances  of  singularly  discon- 
necU'd  distribution  of  so  many  plants  and  animals,  the  highest  authori- 
ties are  by  no  means  afrrec<l.  Nor  is  it  a  queKtinn  that  can  be  finally 
settled  while  our  informaticm  on  many  points  necessary  to  its  solution  is 
so  fragmentary.  Year  by  year,  however,  new  discoveries  are  mending 
theiui|>crfoctionsof  our  records,  while  continued  sifting  of  the  evidence 
already  gathered  is  gnulually  eliminating  what  is  unreliable  and  estab- 
lishing more  firmly  that  which  is  trustworthy.  So  far  as  his  latest 
opinions  have  been  expressed,  Mr.  Wallace,  our  highest  authority  on 
geographical  distribution,  holds  that  the  presence  of  these  numerous 
genera  and  species  of  the  same  families  or  groups  of  plants  and  animals 
in  Aitstrala.sia,  in  the  Mascareno  Islands,  or  in  South  Africa,  and  in 
South  America,  can  be  snfiiciently  explained  as  the  remnants  of  ancient 
'vpes  once  spread  over  the  Northern  Hemisphere,  whose  lands  are  prac- 
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tically  continuons,  driven  suuthward  along  tbese  continents  by  tbe 
pressure  of  more  8i>e<^ia)ix.e<l  types,  and  now  finding  refuge  in  these 
widely  separated  southern  landH.  No  one  can  difl'er  fVom  Mr.  Wallace 
on  this  snbject  -witbont  great  diffidence,  and  certainly  no  one  can  feel  a 
profounder  admiration,  even  veneration,  tlian  the  present  writer  (who 
has  followed  in  so  many  of  his  footsteps  in  the  archipelago  be  has  made 
famous,  with  his  fascinating  bonk  as  bis  best  gaide  and  companion)  for 
tbe  opinions  and  writings  of  this  moat  distinguit^hed  doyen  of  our 
naturalists.  Still,  I  can  not  persuade  myself  tliat  tlii.s  explanation  covers 
all  the  iu-itances  of  diseuutinnous  distribution — of  foims  unknown  in 
the  Northern  Hemisphere — which  have  been  itdduced  in  the  foregoing 
pages.  It  seems  too  extraordinary  to  be  credible  that  it  should  alone 
have  been  the  same  forms  that  have  survived  the  vicissitudes  of  climate 
and  food  during  their  long  migrations  through  the  deserts  and  forests 
of  Asia,  Malaya, and  Australia  to  reitch  New  >^caland;  of  Europe  and 
Africa  to  reach  tbe  Cape  and  Madagascar,  and  of  North  and  Soutii 
America  to  arrive  in  Patagonia,  and  even  jn  the  Antarctic  islands,  and 
that  scarcely  a  single  representative  of  tbeir  line  should  have  survived 
north  of  the  equator.  Nor  does  the  explanation  that  has  also  been 
offered  of  the  occurrence  of  the  same  genera  and  species  in  those 
remote  regions — that  they  have  been  the  result  of  independent  devel- 
opmeut — appear  to  nietube  more  satisfactory;  for  the  cliances  against 
the  same  genus  or  species  becoming  <leveloped  independently  at  various 
times  in  three  or  four  distinct  regions  of  the  globe,  under  different  con- 
ditions and  latitudes,  and  only  in  the  southern  extremities  of  the  great 
continents,  are  enormously  great. 

It  has  hitherto  been  laid  down  as  a  fundamental  law  in  geographical 
distribution  that  tbe  areas  inhabited  by  a  given  si>ecies,  and  in  (ton- 
siderable  measure  liltewise  by  the  same  genera,  are  or  have  been 
continuous  with  each  other.  The  conclusion  has  been  forced  upon  us, 
tlierefore,  that  there  must  once  have  existed  in  the  Southern  Ocean  a 
land  area  common  to  the  terminations  of  the  great  continents  exten- 
sive enough  to  afford  room  for  the  development  of  the  ancestors  of  so 
many  forms  of  life  absent  from  the  Northern  Hemisjihere;  and  that  it 
was  very  genial  in  climate  and  clad  with  vegetation  sufficiently  luxu- 
riant to  support  so  varied  a  fauna.  In  studying  the  ^ontheni  Hemi- 
sphere on  a  globe,  on  which  the  natural  relations  of  land  and  waler  are 
evident,  and  tracing  out  the  continental  shelf  surrounding  the  exist- 
ing Antarctic  land  within  the  contour  of  the  2,U00'fathom  line,  so  far  as 
it  is  known,  I  was  surprised  to  observe  that  the  land  that  would  result 
from  such  an  elevation  of  the  Antarctic  sea  iloor  would  explain  the 
perplexing  distribution  of  the  southern  fauna  and  tlora.  It  was  also 
evident  that  a  continent  so  formed  would  not  interfere  with  the  opin- 
ions entertained  by  so  many  of  our  highest  geological  authorities  and 
ocean ographe IS,  that  the  beds  of  the  great  oceans  are  troughs,  and  the 
great  men<Iianal  laud  musses  are  buckles  (in  parts  at  one  time  dry  and 
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CBSKimitrii'v.  iiii  »iiini!v  utiu  I  111-  !:"''ui»rmitt.    The  loss  of  tins  t«>e  poinb' 

U1ll,llI-^1l.<1ul'.<lt    To  u  M'vv    luif:   i^tluijon  of  the  ostrich  from   iuler- 

niarr^iii;i  «  iii  tin-  man    i..i;!ii;t:  UM«nilN)»  of  it*  order.    The  African 

ithirn  111'-  iiNo  i!  III-!  !;miii  I  In-  t>:isHTii  nM4ml>er«'  of  the  family,  in  having 

iin  aiirt  hi.iCi  To  III,-.!    i-,n  ;-m!   iiitilnTR.  a  duwwter  in  w^hich  they 

ii^ve  n  111  111,'  iiiiws  ..;  S,ii::h  AniiTic*,  a  frrouii  to  Thich  the  African 

n-.li  .1  In-  uiv  m.'ir  r!.i>H\»,  ilii.uj;b  si  .11  vi-Tj   distantly,  related  than 

I>rih.iiK.  w  aiix  ,n  ilw  i.;ii,i-s>     li  wnm.i  iKx'TO  liiffhlv  probable  alMu  that 

tin-  (T.iiiirt  I  »ni  tx'twKi'n  tviiiih  Ann-nra  and  Afriai  was  severed  at  a 

%«Ty  i-jil\  ji*«M„(l — jin  a.ssuii;!.i..>ii  sii]>jn>ri«*d  by  the  distribntion  of  th« 

Iwii  » jii^r  Ii^ll^'^  ,if  rjui;;,.nia  a:id  Si.mb  .Miica.  which,  thoDgli  indi- 

<-;»nti::, :»».  I>r,  liumlirt  h^ts  ^t  k,:i  diiiidiittJ.by  tb«  nndonbted  affini- 

tif*.  Ix-iwwii  iln-iii,  u  (.rfvioiiis  ii]  iTo\nii.i!i..uoflhetworeffioiis,.vet  in 

tin'  iii^iJm-iin-p.s  of  ilit-ir  cfiifra  j'laiuly  s)>eaks  of  a  long  disseverance. 

'Jlie  boundariis  of  tbl^  .\iit4iix ::,-  ,>iiirineiit-  which  I  have  indicated, 

would  have  induM-d  nil  the  tin-iiui|>..htr  land  and  the  islands  in   the 

Southern  Seic     AHual.  a|Kirt   fn.>!u  deductive,  evidence  for  the  exist 

I'iM-e  of  a  KTvuU:r  tf.<cteuHion  of  laud  in  this  re^on  is  of  course  veiy 

liniit««l,  yet  it  ih  not  all<.):elher  ab.^ciit. 

No  vinjuir  to  (be  Chatham  Islands  can  fail  to  be  Btmck  by  the  nam- 

bcr  of  lukLM  luid  tarns  that  everywhere  dot  the  landscape.    Nor  can  he 

tnivnl  fur  without  reniarkiuR  that  the  surfaie  of  Ibcfrronnd  is  covered 

by  a  (uiiitiimous  layer  of  peat,  which  is  in  many  places  40  to  .W  feet 

•«d  ill  iwiiiB  Htill  unfathomed.     It  is  iu  general  solid  enoogb 
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to  permit  aafe  trafQc  over  it,  bot  esteosive  areas  are  covered  with 
unsDsi>eGte<l  wet  bogs  extremely  (taogeroa^  to  a  pedestriao  iiuacquainted 
with  the  countrj".  The  tirn«  retjuired  for  the  accumulation  of  tliiB 
enormous  deposit  may  be  imagiued  when  it  la  remembered  that  it  takes 
several  feet  of  sphagnum — the  moss  of  which  peat  is  chiefly  composed — 
aa  seen  growing  on  the  aurfacR  of  the  bog,  to  form  1  inch  of  dense 
black  peat  at  its  bottom.  Everywhere  throughout  those  peat  bogs 
trunks  of  trees,  larger  than  and  of  a  different  sort  to  those  that  now 
grow  in  the  ishiiids,  lie  entombed.  They  are  the  remains  of  ancient 
forests  which  have  succumbed  "to  the  chilling  effects  of  the  wet  bog 
mosses  in  their  upward  growth."  The  woods  that  now  or  did  recently 
(for  they  are  fast  disappearing  before  the  demands  of  the  agricoltnrist) 
cover  the  ground  are  bot  the  latest  of  a  succession  of  forests  already 
swallowed  up  that  had  in  turn  taken  possession  of  the  land  wherever 
the  water  had  drained  away  an<l  the  growth  of  the  mosses  ceased.' 
The  antiquity  of  these  islands  is  proved  by  the  fact  that  in  different 
places  the  more  ancient  of  these  peat  beds  have  become  consolidated 
into  lignite. 

This  account  of  the  snrfaco  features  of  the  Ohatham  Islands  might 
serve  etiually  for  those  <>f  Kerguelen  Land,  which  also  abounds  in  large 
bogs,  in  lakes  and  great  pools  in  the  hills,  and  in  fiords — all  evidences 
of  great  antiqnity,  of  glaciation  probably,  and  certainly  of  very  exten- 
sive snbsidence.  in  the  Auckland  Islands  also  occur  bogs  and  beds  of 
bituminous  peat;  while  both  in  the  Crozets  and  in  Kerguelen  Land 
fossil  trunks  of  large  trees  have  been  found,  all  distinctly  pointing  to 
the  existence  of  extensive  and  varied  forests  on  these  now  sleet-swept, 
bare,  inhospitable  lands.  The  prevalent  features  of  the  jiresent  flora 
of  Kerguelen  are  Fnegian,  many  of  the  species  in  both  regions  being 
identical  or  nearly  related,  while  ottiers  are  common  to  Tasmania,  and 
still  others  to  one  or  more  of  the  onsubmerged  fragments  of  Antipodea 
(Kew  Zealand  and  its  surrounding  islands),  and  some  to  all  these  three 
regions,  wne  feru  being  common  to  Kerguelen  and  the  Capo  of  Good 
Hope.  To  Kergnelen  Laud  and  to  Marion  Island,  t,0OU  miles  west  of 
it,  is  confined  a  still  more  remarkable  genus  of  plants,  known  as  Pring- 
lea.  It  is  very  distinct,  is  without  near  relatives,  and  is  the  survivor 
of  a  flora  unknown  in  any  other  part  of  the  globe.  Its  see<ls  are  per- 
ishable, and  on  this  account  it  is  very  unlikely  that  it  has  been  con- 
veyed by  birds  from  one  island  to  the  otlier;  and  is  therefore  with 
bigh  probability  indigenous  to  both.  Its  distribution  to  those  isolatetl 
spots,  and  various  '*  plienomena,  besides,  common  to  the  three  archi- 
pelagoes— Kerguelen,  Crozets,  and  Marion — favor."  in  the  opinion  of 
Sir  Joseph  Hooker  and  other  high  botanical  authorities,  the  "  inference 
■    •    -    thatthese  constitute  the  wrecks  of  either  an  ancient  continent 

'The  reader  is  referral  tu  a  very  iutereetin);  little  volume  on  Dritixli  moaMn.  wlwre 
their  relation  to  ancient  foresU  is  ilcftlt  with.  Ii.v  Hio  Rinlit  Una.  Sir  Edward  Fry, 
■i>d  to  his  paper  in  the  Prooeedings  of  the  Roj-al  luatitution,  1892. 
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,v'..,.    T  •->nnc  .r  -till  -ar-mnc. -!«,«««.   iota  >Mam 

'    ..I     -  -r       -n.-r   ,.,,-.  ,^^    .„,^^   ^^  ^  _^^,    .-Bn.alii-Brt, 

"'.i'*  /'''.'r'^    '   .'    ""■■'"''■""   •"■"■■^  "**  ■»»™i" ^ J*. -he  bmiv 

r,.r..t<  -I.I  ..  ^r  ^..    .r  ...nr,,^  lunrn.ie=«  rP.,nir-,  -,..  mar^  „„,^  ^ 

n-/,..-;  »l„k  r  ......  r,..T  rrv  -.».),..-»  rtwr  "i.e  ^-Hniai  ..iuDaft  ..f  wbifc 

II  1.1  U,  (I.*.  r,.f*-  rn.  J»m^  Cr-V.   nhiM  w^  „w^  ft^  air*r  -morfmnrr   ' 

"'"■" f  ""■    "-""w-m.^-.l  »n.l    ph,4,.-iU  .-Mat*  .,n    wtii.-j,    eJ.noir    j 

,|<.,.,..,.|..,  »M,„.,„,IIy   i«p  r^fcrer.^*  r.>  ch.,  ranww  .ft-  tii^  if*.,:4l  *p.,rfB. 
tilili'li  Ire  |(i"V<l  I'.  )>f;  mi  rhaf,  b*-Tni,>4f,ii^».  .toe  r.)  the  .xn-aireiMe  .x 
1.  tMlM  wlicri  i(«  jicli-  wjit  tnrnwl  »way  fr.*™  th*  *«n  at  the  auw^  time 
lli>it  Mil'  I'M  111  iltiiiiijf  it*  ((r«if(f!tt  efTCTtrierty  ww  it  its  fifcrtbest  fc    ' 
luitii'  III  III*  ihIiII   (i'Kii  till:  mmrcfifif  heal,    Sir  B.>U?rt  Ball.  vb»  hx 

\ Ii'  "II""'  liii|if>iliMif  iMlflitidnd  Ut  this  theory  iby  esiabf:-ihias  natbe 

11' iHi    ll">  'IIMi'M'iil:  |MTr.!i(t(iKf»  of  heat  (bat  are  mmwd   in  the 

iiiiiihi'i  tiiiil  III  I  til'  » I  III  or  (>r  niuih  hemisphere]  empbatkaOy  a8i$ert^&.i 

I  iiKillii'hiiilli'iiiii,  Hull.  It  In  iif  the  mR4^nce  of  the  astronomical  tbean    i 
III  It     Mill  oliil'HI.Hi  "Vt'i-  (In-  h<MiiiH[ili(Te  Khali  be8iiDnltaDeoas.''and  If 

II  ti  1 1 1>  iii>i  -^ii  '  It  M  iiiilil  niH'in  wliolly  iii)])i)»sib[e  to  offer  an  explaoatioD 
.,|  il.,- I'li.xiLimi'ii't  li\  ini>  (liiynlral  cniise  known  to  us."    On  the  othw 

t 1      \ti'\uii"  lliv  l«ii  iH'inlHitlu'i-CH  oiich  aN  a  whole  it  is  important  to 

,.1.  ,  1 M.  |lni  il'i"!  ti>«|ii'ii|ivi'  Kl<><''»t>on»  were  not  simnlttneons." 
1,,  '. ,,(  ti  >i  I'MiM  l>v  uli.mii  Hull  till*  ii-e  ages  in  the  two  hemispheres 
„  ,,,,  .i,,,v.i,..i  ill,'  t.ih'ioinii'til  t)(K'tniiit  would  have  to  be  forthwith 
,1  1.  •       .1  li  --  (' .»«  "t  iliot'>»>ioiuvof  the  aetronomical  theory,"he 

.''1    »   . '  t,  1  il  t'(»vh  ill  «ue  hemisphere  shall  Ije  accom- 

,        .  ■  M    .  ,        .',•",-.  !i  ■■»  i'n'v':liov,«i»l  that.nftoD-ertainthoasaiids 

V  ,  V    ,   i>>-'  5  ,'t!*s»l  tlu>  two  hemispheres  8ball  become 

•  ■   ,■  .>-v'    "  S^^s^*         -     .    iiiul  the  repoDs  that  it 

,  .V-    ,  .    •  ■■,>;  *:"^  inMiriiUit  vepetatioD.''    Siuce 

,     >'  v    ..•■■.  i'f  <Mrth's  orbit,  when  once  it 

,  .  .     ,!   *   V    v*   ••  •'••liithe  ix^tation  of  the  line 

X        ^       ,■       ,-  ,^     ^«.■  T,^>   i..\f  pUfv  more  than  od(*, 

»>  ■  "■    •.i'-'-v"  •  .*•  ""j*!*  1^^ lowed  4'aeb  other 

•  .  •  .^v>-  .-■.»'    ■■*  .■■T'.irrj.'rti  tbm  passed 

„    ,  ■    ■  '     .,    \    -  .  ■  J,-,    c    ,■  Ti     >   r. :.tMlre«»ely  gla- 

,  \   .■  ^  ■■      ■>■••-  •  ■'-     I'",;'..  T"  ■i.'«:^':.d«nii»  the 

,\    ■     .'      ■  -.^v     •     -.4,  *  •  '•»     1  ■<r»««Uje  iwidi- 

\     '  \  ,     .    ,  >     N- -N  N  .>*>    I'-v.;!    S«  sfc-i  i»kai«  t«M«- 
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bletl  the  iiuruiiil  voDditioUB  of  tlie  globe  sach  oh  tbut  wliivli  it  now 
en.joj  8." ' 

Many  uutliorititis  aru  of  opiuion  that  great  subsiduuces  of  luiiil  are 
iiiitural  I'oucomitaiita  of  a  glacial  period,  and  that  it  oaturally  follows 
tliat  the  accumuUitiou  of  iev  at  one  pole  must  abstract  and  pile  up  a 
likT^u  umouut  of  water,  aud  thus  causu  laud  iu  the  opposite  hcuispLeie 
to  be  uncovered. 

I>uring  the  cuntiuuance.  tberet'ore, of  the  gla<:ial  e[K>cti  in  the  North- 
ern Hemisphere,  there  luiiHt  have  existed  over  tlie  Southern  Hemisphere 
iiu  extremely  genial  e|»H;li,  duriug  which  there  is  no  doubt  that  ivhere- 
ever  laud  existed  it  was  clothed  with  a  laxitriant  vegetivtioii,  and  that 
its  boundaries  would  beeidarged  from  the  causes  juKt  spoken  of.    This 
vegetiitiou  would,  doubtless,  not  be  less  varied  uud  tropical  than  that 
\vliii;liduuriube(liuhigh  nortbern  latitudes  iu  Miocene  times,  and  which 
was  slili  a  remarkably  temperate  flora  within  8^  degrees  of  the  North 
Pole,  aud  it  ia  evident  that  it  could   harbor,  and   on  it  there  could 
develop  the  ancestors  of  the  fauna  and  flora  whose  detsccudants  are  now 
scattered  across  all  the  southern  regions  of  the  globe.    Tliat  an  exten- 
sive laud  did  exist  not  dissimilar  t4>  that  described  in  a  former  page, 
»eeniH  U>  me  almost  an  inevitable  deduction  from  the  distributional  facts 
iMlduced  above — es|K-eially  in  regard  to  the  in.sects,  the  iiiarsupiaLs,  the 
birds,  and  the  plants.     Of  this  mass  of  evidence,  the  distribution — to 
shortly  recapitulate — of  the  three  trovhleaed  struthious  birds  in  all  the 
great  regions;  thii  Aphnniiplt'ryj;,  the  blue  gaUinules,  thest!irliugs,aud 
the  creste<l  parrots  in  Autipodea  and  Leoiuria;  the  fresh-water  lisbes 
of  Australia  aud  America — none  of  thcni  northeru  forms — is,  to  me  at 
least,  evidence  not  otherwise  e.\]ilicable.     But  none  of  that  evidence 
seems  to  me  to  testify  with  greater  weight  than  the  embryological  aud 
anatomical  data,  which  I  have  tpioted  from  the  writings  of  those  dis- 
tinguished  workers,   I'arker  aud   Forbes,   two   men   of    the   highest 
authority  in  their  science,  inasmuch  as  it  has  been  detecte<l,  not  iu  the 
superflcial  characters  only,  but  deep  down  in  structures  whose  simi- 
larity can  not  but  proclaim  genetic  relationship,  through  ancestors  who 
have  now  vanished,  aud  wlio.te  homes  must  have  been  on  a  land  com- 
mon to  aud  iu  connection  with  those  widely  separati-d  regions  which 
their  descendants  now  oc<^upy.    The  necessily  fur  the  existence  of  a 
land   surface  iu  the  Antarctic  Ocean  was  recognized  and   has  beeu 
expressed  by -Mr,  Darwin.     "New Zealand  is  plainly,"  besays,  "relat<;d 
to  Kouth  America,  which  though  the  ne.vt  nearest  continent  is  enor- 
mously remote,  yet  this  difliculty  disapjHiars  in  the  view  that  New  Zea- 
land, Kouth  America,  and  theothersoutheru  lands  have  been  stocked  iu 
part  from  the  Antarctic  islands  when  they  were  clothed  with  vegetation 
during  a  warmer  Tertiary  period."*     l>r.  HIanford,  in  his  well-known 


'  TheHu  vnrioiifi  e\tracU  oro  from  Tliu  Caiiso  -if  lliu  Ico  Age,  by  Sir  RnWtt  Hall. 
'  Origin  uf  Species,  Vol.  II,  piigu  lilO,  IKK«. 
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.'_!  x^'^UTT^lx     k  Ti<»a>«n  ArsTKU,  LAND. 

^,1,  — .«.  II  tc  '^i-  .jt~.u  -HMntfC  -ft'  Lrioakn.  >u  1^90,  gave  it  as  bis 
>.'  .■  I  -!  .i  -  :  -.'■  I.  nio.""  nxftt.*;  liiK  >tefxh«tf  Ihe  iutorveniiig  ocean 
B.  ..  .n-.,!^* — h!iL  -^iivi  t  »ii~n>-n-:  .»>  I  b^TV  sketched  out  in  tbe 
'rii^  !.  »  Jilt*  «!'-t — .^  Ti-ir-  *r  Vss.  3  .Ii.'-"«*  Ih*  2.UM>-&thoin  line,  prt- 
i«-!  »■  !•■  '.i^^!  ••-■-i.'H'  '.:.  I  •BtfT-r.ji  •:.Jhni!r.«s  to  aeveptaDce— "then 
>■  lit  ;;.  •i~->'f  >..'  ~  I  ~i**  ^i^-.^»t!C<'a  :!i.u  u  some  period  of  geoio^- 
f  u  ;  ~."  >■•  ».i  :i:  ■•  cjui.-  ■'.ii-ii'!!-.  javnj:  coanectioDS  with  Sontk 
\.vi--<  1.  '>'•-   I    Jkr-i  K  tii'i   X'^-v  -fiMuUiL  Bar  have  occupied  tbe 

—  -  ii_  -..I!  I  ^  »  •!••.. --"ii  Tii,'.-rs  m  :;■<  «aibrywlogy  of  the  bird's 
^^ .  .  '-,.--— 1- ?■..-»■■■■  ."•■ii-fij  .-  ;Ni!B:fiTtfs  Aad  insists  on  the  nece«- 
^  •  .,  ,■  ..  ^  'i  -.^  :!  II  111-'  i>-n  unl  -u>a'at^fn6)nD$:  "In  the  Soutii 
-  iv  tf!<  <•-.  !  '■!.-  r  ""w^  ij't  n  :a«;  X-'cti  the  highest,"  and  he 
J  -.i—^-  I  -  s  .  ■  1,1  Mir  ;ir-;  z-'n-'>  irw  -.kiimiMVtuit  for  study  in 
ii  r  ;«■:,--..-..  I  !•  .--"''I  ••■I  .fc>  :i 'Jiiir  :itX''cofli}'«M- their  morpbol 
,1^.  '  ■—  .»— -i-i-  .1.  V  •■-  .-.ii>::ijr,y  Ml-iit:v^  aLj«>  in5tiUM-«s  of  the  rela- 
,',i-,j  .•  '.  ,  itf  -1  'i-  II  - 1.'  ■!!if>r.rn  ■*■'!»  :Ii.»i*  of  the  *e«tem  side  of 
x  ■,■:,.  w  i.—f  .i~.  1  i.T-s.""je*u's.-»cctiAajwift>nn3in  the  east- 

.■,-1  \  .1  ;,v  K  ".-^^H  ,!i,  li  :.>  xni-ii,i;ij?ftl  -w  le**  chaageil)  types  in 
Ik-  >■"-:• '■■!  ^  I  ^■■■t.-Mi  V -ii.'TT  ■.'  5*  cwmni>>Q.it  will  gofar  toward 
-■n-  -- <■>  i'--^t  it:ii'  '>  k  'viw  "■I'^T--  "t'  liisp^Tsiya  Jtad  Bodification  of 
-•■■»■-,  f.,      ;  '■■ '   ;!■•  i--,:i.-^l -^-t^ifsb.**  lw*o  ei«ate«l.  as  it  isiioir. 

vii>>ii  I  '^  .>  t-  '  1.1.  ::i  1  loc  <«  •r-'iv'^o.  -^  h«d:;i^  !«t  alM>at  it  and  11 
!,u  ■  \.i  1,"  ",  ;iii  -  .r-Lv-.  5  c  ::ii?  ^;iii;  <)t  me  svieoee.  that  this  glain- 
.ni"  ■«  -*  I'll  'tf  ■•  ■ii>'-.  ■.■y'L  —■111  .'(i.-  >;vi^.Sv  Aiil  :iuc  wif  shall  not  be  lured 
.■!■  :i  ■  -vr  I  ■■.;'•  ■■■-■.■:  .■  im;  ••%■"  ,i  ^at^w:i^'^'~  This  hood  of  organic 
iT.iiii  .■■  ^  II  i^'  "i,i-  •;  >i.t.-(i  'y  .&  ln-.'d  ^rea  La  the  southern  seas,  wfajcb 
>»  ■'!  *.s.(i->ii:i',-r  ;•  ■■^■•.•o.i'.'-  \  i,'vcii;'itii  :iie  re-i;»tt  whith  I  have  de^ip- 
■i,i,.«i  V-':i.>:i.i  ,u  ::  sixiiis  M  311?  'liM  sui.ti  ie«E»;;k'al  evidence  as 
I'n-  .M-i-rr.-ttv'v  .  c  'i't-^i;  -y.^'i  -IS  ■■!  tiie  Enwue  m"  both  Patapmin  aiid 
Nv»  'vmI,*.'.;,  I  .'.'I"  ■t(.i.-ii;'i,i..s  d;;.i>i  nunticliiiieostriehes  in  tbe  early 
IVct  m:  '.  •*  .'f'  ^X'lrii  Ajutic;*.  iff  Z'*  i.i/t'.i  a:i.l  ^l'pg»rnit  in  >',*w  Zea- 
l;tmt  ,111.1  M  ui  i^istLir.  ii-ii;  m  ciiv  .?\--iteiii'e  of  s^mthecn  land — doubt- 
less »t:i  e;'\-,>::«'ii.-4  j.i'l  Ml  ■'.-;•;(;  I!  i-e-i  Ifetwt^a — at  least  from  tbe  «:lofe 
uf  S.H.-1'iuf  ii-y  ;:-iit?s.  V'-it  it  [s  i-n-i'tiji:'^!!!;,  ac  least  yet.  to  determine 
wItfCliiT  t:iv  tL*a;i.i  .iri'l  rinr^  ui'  w-izrii  n-turiaiits  ir\ist  in  tbe  present 
siHiili.TH  ti'iit intents  :i!i.l  islaii.U  are  riie  n-salt  of  the  derelopntent 
au.l  -li-iivr-iil  -111!  ii!,l:  the  ^eiii.il  I'f  fiinl  L-orresiHuniitiy:  to  tlie  last  of  the 
tuTtlu'iti  aIciTti,ia;ij:  vlu-iCiT-iiir  jriiu-i.tt  ami  senial  iieriodadorinji  tbe 
tatt\-;t  hj-h  orl'iCLtl  e.-reiitrii-icy.  or  imrrly  ..t'  rlie  lirst  of  these  or  of  a 
wHtidirniion  of  b-tli  :iii.l  .if  ■iiin;!^  fiinii.T  vii-j-isiimies. 

It  seems  est;itiLfi!i,^i  on  iMlcoiic.il.nii.Ml  evi.Ifii.-e  tliat  in  tlie  Northern 
Hemisphtiv.  liiiriii^'  tlit>  eiitly  tiact  of  the  Tfrti;iry  periotl.  the  elimate 
was  troi>ital  in  Che  ini.Ule  of  Ktn-oiie.  aii.l  tliaC  in  tbe  Miocene  we  have 
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cliis  cliuiat«  extendiug  not  only  to  the  limitB  of  tlie  north  temperate 
zone,  but  a  luxuriant  teini>erat«  Qora  HouriBbiug  up  to  nearly  S2°  of 
uorth  lutitnde.  It  seem»  dillicult,  too,  to  believe,  if  we  compare  all  the 
oonditiouB  now  existing  at  both  poles  under  the  present  low  eccentricity 
of  the  orbit,  that  snch  a  genial  climate  as  Just  described  could  have 
prevailed  at  so  high  a  latitude,  except  under  the  conditions  that  woald 
uecessitate  a  glacial  epoch  at  its  antipodes.  So  that,  if  we  accept  the 
ifcstronomical  theory,  we  must  believe  that  during  the  northern  Miocene 
period  there  waM  a  glaeial  e|H>ch  in  the  Southern  Hemisphere,  of  which 
tlie  rock  atriation  and  moraines  in  Africa,  the  moraines  in  Anstralia, 
Xew  Zealand,  and  South  America,  may  perhaps  be  the  reault.  That 
there  was  at  this  time  a  force  driving  sonthern  and  tropical  forms  to  the 
north  is  strongly  corroborated  by  the  distiibution  of  the  fossil  Sirenia 
(now,  and  probably  always,  exclusively  confined  to  the  TropicH)  of 
which  there  are  twelve  genera  and  twenty-seven  Bi>ecies  ranging  from 
the  Tropics  np  to  iM'^  of  north  latitude  in  the  Eocene  and  Miocene  of 
Europe,  Asia,  and  North  America.'  .  The  remains  of  southern  forms  of 
birds,  such  as  parrots  and  trogons,  not  infrequent  in  the  Oligocene  and 
Miocene  strata  of  Europe  may  not  unlikely  have  been  migrants  driven 
from  the  south  before  the  same  impelling  force.  That  there  has  been 
such  a  northward  migration  is  also  evidenced  by  tbe  occurrence  of  so 
many  plants  belonging  to  New  Zealand,  Australia,  and  some  of  the 
Antarctic  islands  isolated  on  the  peaks  of  New  Oninea  and  of  Borneo. 
We  must  caution  the  reader,  however,  against  supposing  that  the 
»oi)tbern  formations  which  have  been  named  Eocene  and  Miocene,  etc., 
are  necessarily  synchronous  with  those  so  named  in  the  Northern 
Hemisphere.  All  that  can  be  affirmed  is  that  those  systems  which  con- 
tain a  similarity  of  succession  of  their  fossils  (especially  their  marine 
organic  remains)  are  homotaxial — that  is,  the  order  in  which  they 
appeared  on  the  earth  has  been  similar. 

This  much,  however,  may  be  accepteil  as  mathematically  demon- 
strated, that,  duriug  the  glacial  e[H)ch  of  tlie  Northern  Hemisphere, 
while  the  high  eccentricity  of  the  earth's  orbit  lasted,  there  was  an 
estremely  genial  age  over  the  continent,  the  probability  of  whose  exist- 
ence we  have  shown  to  be  high,  and  that  its  fauna  and  flora,  of  which 
some  examples  have  been  cited,  were  eventually  expelled  from  their 
sonthern  iiaradise,  on  the  passing  away  of  tbe  northern  glacial  epoch, 
by  the  slow  increase  of  the  southern  cold,  which  has  gradually  reached 
to  but  no  farther  than  its  present  condition  toward  glaciation,  owing  to 
the  decrease  of  the  eccentricity  of  the  orbit  and  by  tbe  extensive  sub- 
sidences of  the  land,  due  probably  both  to  the  ice  accniiiulation  round 
its  pole  and  to  the  enormous  amount  of  volcanic  disturbance  of  which 
tbe  whole  region  appears  to  have  been  the  theater. 

Now,  as  to  the  explanation  of  these  anomalies  of  distribntion  in  tbe 
Sonthern  Hemisphere,  tbe  arrangement  of  land  which  I  have  outlined 
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abnve  will.  I  tkiiik,  a^x-uasl  for  tbem  Dot  less  satisfact4»-ily  tbaQ  that 
bf  ^iD  vntirvlf  Durtbem  center  of  dispcrsioD.  Mr.  Wallace'  holds  that 
"the  three  must  importitnt  aoath  temperate  lautl  areas — south  tem- 
perate AiDcxica.  ^oath  Afrk-a.  sod  Aastralia — have  in  all  probabUity 
always  been  »s  wtdt-iy  separated  Irom  each  other  as  now,"*  and  ■'-that 
it  i-s  miDecerisary  to  -suppiK-e  any  laod  coniiectiOD  to  explaiu  the  resem 
blaii<.-e  between  their  aninial  and  vegetable  iuhabitaDt»,''a«  he  eousiders 
that  the  Dorthem  mntiDaoas  laod  wa-s  the  origin  of  them  all.  aud  that 
they  spread  meridianally  sontli.  That  tuany  fonns  of  life  did  thii» 
reach  Sotogiea  "aiider  pressure"  of  glacial  epochs  aud  -ot  more 
ctiH.'cialized  types"  it  is  impossible  to  doobt.  Bat,  as  1  have  already 
remarked,  this  esplanatiuu  will  not  aceoDDt  for  marks  of  heredity  seen 
in  lincb  southern  ^rroups  as  the  piping  crows  of  Australia  and  the  deo- 
drocolaptine  birds  of  America,  and  the  many  other  instauces  iu  the 
same  category  enumerated  by  I'rofessor  Parker.  That  their  original 
ancient  pn>geuiior  may  have  come  from  the  north  is,  of  course,  possible, 
but  the  characters  that  prove  a  common  parentage — in  forms  now  so 
diverse — coold  not  have  arisen  in  birds  living  so  far  apart  as  Australia 
and  S<iuth  America,  without,  I  believe,  a  large  common  laud  lu^aon 
which  the  progeny  of  the  original  [taients  could  develop  and  spread 
over. 

Mr,  >V»lluce  belit^ves  also  that  the  ancestral  forms  of  the  marsupials 
aud  monotremes  reached  West  Australia  (which  tor  a  long  period  iu 
secoudary  and  primary  tiuics  was  separated  off  as  an  island  from  Ea»t 
Australia,  an  arm  of  thu  sea  uniting  the  Buuda  aud  the  Antarctic  seas) 
from  the  north,  tbrougli  Java  and  the  intervening  islands  or  land  in 
that  sea.  Their  fossil  forma  have,  however,  been  chiefly  found  iu  East 
Australia,  or  if  foutid  in  West  Anstridia,  they  occur  in  strata  certainly 
of  no  greater  age.  If  such,  indeed,  were  the  route  of  tbeir  southward 
march,  it  is  remarkable  that  throughout  the  extensive  regions  over 
which  they  pariscd  not  a  single  individual  has  survived — not  even  iu 
Timor,  an  island  of  like  vegetation  aud  climate  to  Australia,  aud  that 
nearest  to  West  Australia;  while  marsni)ials  and  mouotremeti  are  rei*- 
resented  abundantly  on  the  northern  and  esistern  Pa puasi an  islands, 
with  which  West  Australia,  as  Mr.  Wallace  believes,  was  not  at  that 
period  in  connection.  That  these  gionps  may  have  originated  in  Aiitarc- 
Mcit  and  spread  into  Australia  via  its  Tasmaniun  jieninsula,  since  fossils 
pn^suritingmany  uffiniltes  with  the  Australian  forms  have  recently  been 
dis(^oven»l  in  Patagonia,  ap^tears  to  me  a  not  less  satisfactory  exjilana- 
tion  of  their  distribution.  Their  absence  so  far  from  Kew  Zeahiud  is 
not  more  diflleiilt  to  account  for  than  their  entire  absence  in  the  land 
which,  aceonling  to  Mr.  Wallace,  they  traversed.  Again,  as  regards  the 
dlsgii'tHal  of  the  aincHtoi-H of  the  struthious  birds,  Mr.  Wallace  believes 
timt  tlll^y  rcaclii'd  l-'iist  Aitstralia  from  New  Guinea,  with  .which  it  was 
iiiiliiii]  across  Torres  t^trait;  and  that  the  emus,  the  cassowaries,  the 
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Dromornia,  and  the  moos  are  their  ilesceDdants.  If  the  forms  with  a 
tfaree-trochleaed  metatarsus  (from  Sooth  America,  Madagascar,  and 
New  Zealantl)  bad  been  developed  on  a  soathern  land,  they  could,  on 
their  dispersal  and  nortbero  trek,  have  reached  the  region  where  tbey 
□ow  are  with  as  mnch  ease  as  by  the  route  nupposed  by  Mr.  Wallace. 

The  earliext  strata  in  which  the  fossil  remains  of  both  the  Northern 
and  Soathern  Hemisphere  struthious  birds  have  been  found  have  been 
determined  as  likicene,  but  whether  these  were  really  contemporaneous 
periods  iu  the  north  and  in  the  south,  and  which  is  the  older,  it  is 
in)|>ossible  to  tell,  so  that  their  migrations  may  have  been  quite  as 
likely  from  the  south  as  fi-om  the  north ;  indeed,  the  Rtmthious  tyi>e  of 
Itird  is,  according  to  Professor  Parker,  essentially  (Totogfcati.  The 
African  ostrich  has  been  isolated  from  its  congeners  in  the  soutli  for  it 
long  period  of  time  throuf^li  the  disconnection  of  Africa  from  Antarc- 
tica, and  lias  become  specialized  and  lost  its  third  metacarpal  trochlea 
and  the  toe  it  carried.  Since  its  isolation  it  has  spread  over  Africa 
northward,  but  it  once  lived  iu  Miocene  times  in  Greece,  iu  Persia,  and 
in  the  Siwalik  region  of  India.  Again,  in  Kew  Zealand  and  iu  East 
Australia  we  tind  a  great  similarity  in  the  genera  of  their  plants, 
while  the  species  they  possess  in  common  are  comparatively  few,  which 
is  what  might  be  expected  in  regions  nnconnected  with  each  other 
except  through  a  common  land  at  some  distance — the  Antarctic  conti- 
nent I  have  predicated.  No  other  explanation  except  a  common 
sontbem  land  will  satisfy  the  distribution  of  the  Aphanapteryx,  the  blue 
water  hens  and  tlie  starlings  of  the  Mascarene  and  the  New  Zealand 
regions — groups  of  binls  which  are  unknown  on  the  north  side  of  the 
equator. 

As  is  well  known,  there  live  in  the  Galapagos  Islands,  on  the  equator, 
off  the  west  coast  of  Ameri<;a,  giant  tortoises,  of  whii^h  one  of  the  most 
remarkable  facts  al>ont  them  is  their  zoological  isolation.  They  have 
no  relations  with  any  of  the  forms  of  their  own  order  on  the  neighboring 
continent.  In  several  of  the  Mascarene  Islands  there  live^l  when  they 
were  first  visited  by  Earo|>eans  enormous  numbers  of  equally  gianc 
tortoises — of  which  a  few  still  survive— also  in  as  complete  isolation  as 
the  Galapagos  species,  for  they  can  claim  no  relationsliip  with  the  tor- 
toises of  the  nearest  land,  Africia.  Yet,  strange  to  say,  the  tortoises  of 
Aldabra  and  Mmlagiiscar  indicate  the  closest  alTinity  with  those  of  the 
Gala])agos  Islands.  This  extraordinary  and  seemingly  inexplicable  case 
of  distribution  receives,  in  my  opinion,  its  easiest  explanation  by  sup- 
posing that  their  ancestral  home  was  iu  Antarctica,  whence,  forced  by 
cold  and  the  submergence  of  the  land  south  of  them,  they  traveled 
north  by  diverging  tracks,  wandering,  the  one  along  the  west  coast  of 
America  and  the  other  toward  Lttmuria,  where,  having  reached  islands 
witliout  foes,  they  have  prolonged  their  years  beyond  those  of  their 
fellowB,  which  have  died  oat  everywhere  else. 
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It  is  not  necessary  to  sappose — and,  inoreoTer,  it  is  very  improbable— 
that  all  these  coiitinentnl  soiitlierDly  peniasulas  were  contempora- 
ueoasly  connected  with  Antarctica.  It  is  impossible  otherwise  to  - 
account  for  the  presence,  for  instance,  of  the  same  Sonth  American 
forms  in  Australia  and  their  absence  in  New  Zealand;  for  Mascarene 
forms  in  the  New  Zealand  region  and  not  in  Australia  or  Africa  at 
elsewhere.  So  long  as  we  are  unacquainted  with  the  orography  of  the 
submerged  southern  continent,  with  its  mountain  and  river  barriers, 
and  the  order  of  the  making  and  brealtiug  of  its  varions  commissares. 
we  can  hardly  hope  to  account  satisfactorily  for  all  the  anomalies  of  the 
southern  distribpition,  none  of  winch,  however,  are  inexplicable  when 
the  inevitable  elevations  and  subsidences  due  to  the  vast  physical  dis- 
turbances, of  which  we  have  abundant  evidence  all  over  the  region,  are 
considered. 

Shortly,  therefore,  it  is  highly  probable  that  an  extensive  continent 
existed  in  the  Southern  Hemispliere,  on  which  mauy  forms  of  terrestnid 
life  originated  and  ha<l  there  the  original  center  of  their  development 
and  dispersal ;  that  Professor  Huxley's  division  of  the  globe,  according 
to  the  distribution  of  its  life,  into  a  northern  and  into  a  southern  land 
must  be  accepted  as  its  two  primary  biological  divisions,  from  whose 
centers  of  development  at  both  poles  the  wanderings  of  the  fauna  and 
flora  were  regiilate<l  by  cold  and  warm  periods  and  by  the  elevation 
and  flooding  of  one  part  of  the  continental  plateau  after  another,  and 
that  fi'oni  their  advances  and  retreats  across  the  equator  and  their  jonr- 
neyiugs  from  east  to  west,  according  to  the  geographical  features  of 
the  region  and  its  meteorological  conditions,  on  which  their  existence 
depends,  resulted  the  present  wonderful  distribution  of  life  on  the 
globe  which  forms  so  fascinating  a  study  to  all  who  commence  it. 
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THE  PROMOTION  OF  FURTHER  DISCOVERT  IN  THE  ARCTIC 
AND  THE  ANTARCTIC  REGIONS.' 


By  Clements  R.  Maekham,  C.  B.,  F.  R.  S. 


In  delivering  my  nuuiversary  address  for  tlie  first  time  as  your  presi- 
dent, it  is  with  a  feeling  of  intense  sutisfactioo  tliat  I  am  able  to  do  so 
after  all  old  wounds  liave  been  permanently  tiealed  over,  and  after  per- 
fect liaroioiiy  bas  been  restored  in  tbe  society.  It  was  found  last  year  . 
tbat  the  rules  did  not  alt  work  so  as  to  give  complete  satisfaction  eillier 
to  tbe  council  or  to  tbe  rest  of  tbe  fellows,  and  some  deplorable  ftiction 
was  the  result.  This  has  now  been  remedied.  Tbe  privileges  and 
rights  intended  to  be  enjoyed  by  the  fellows  under  the  charter  have 
been  fully  and  clearly  secured  to  tbem  by  the  rules;  all  iwssibility  of 
contentious  discussion  and  debate  has  been  eultrely  banished  for  the 
future  from  our  anniversary  meetings;  and  special  general  meetiugs 
will  not  be  called  without  more  ample  notice  than  has  hitherto  been 
given,  while  requisitious  for  them  will  be  made,  and  resolutions  will  be 
passed  by  a  more  adetjuate  number  of  fellows.  These  alterations  in  the 
rales  were  called  for  by  the  general  sense  of  tbe  fellows.  They  have 
removed  allfeeliugof  dissatisfaetion  that  lingere<l  amongst  us.  It  will 
be  my  aim,  as  yoar  president,  to  maintain  tbe  harmony  which  happily 
now  exists  by  keeping  the  fellows  acqaainte<l  with  the  decisions  of  the 
council  affecting  the  well-being  of  the  society,  and  by  using  every  eflbrt 
to  prevent  friction,  and  to  promote,  and  if  possible  to  increase,  the 
interest  taken  in  the  society's  work  by  the  individuals  who  compose  it. 

I  have  long  entertained  the  idea  that  these  desirable  objects  might 
be  secured,  among  other  ways,  by  a  plan  which,  with  much  help  and 
advice  from  members  of  the  council  and  from  the  society's  stafl",  is  now 
nearly  matured.  I  have  drawn  up  a  list  of  all  the  fellows  who  have 
written  papers  for  our  Proceedings  or  Journal,  or  have  published  books, 
or  are  known  to  have  a  sj>ecial  knowledge  of  one  or  more  departments 
of  our  science,  and  to  this  list  itdditions  have  been  made  by  others. 
For  the  present  I  have  called  it  a  List  of  Referees,  because  papers  or 

'Address  to  the  Boyal  I  teograpbicalSoi-:!;!)-.  Delivered  at  the  nniiirerHsry  meoting, 
Uaj  38,  1891.    Printed  in  the  Geogtaphical  Journal,  Vol.  IV,  No.  1,  July,  1894. 
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tyj-*-  ftiiifi  [.r^-. j.m-:y  ar..;  :..  .!-■.;.■..;  .rt/i  -.Lun,  aud  broaght  down  to  ISffl. 
II  )*  rtfiw  all  in  prinr.  T!i*-re  "v;!!  !*  t«"  ;i!>|>eni[ices.  tbe  tirst  contain- 
jii«  »ri  al[.l,iitrtli(ral  li.it:  .,f  all  tii^  .-ollet-tiuns  of  voyages  and  t^avel'^ 
wptip  an  wnalytifal  table  of  <-<.nteiitji  to  each  volume,  which  is  also  in 
lyi"'.  Tlji!  Hiiumi]  aii|>eii'!ix  is  dev<>t«-(I  to  anonymous  ami  jieriiMliral 
(ih'inl.iipc  nnan>.'t«l  in  j,'fi"(rr»phical  order.    The  catalogues  bavo  lieen 

"""'< •'*■''  M"'  'control  Diiil  Hii|>eri»teiidence  of  Dr.  Mill.    The  assistant 

lit  llie  lllinuy,  Mr,  Vincent  Hiiwkius,  fk-scrves  gretit  credit  fin- liis 
liiiiiiNtiy  mill  dlli;;i<ni'e,iiiid  I»r,  Miirio  buaiiowput  the  series  of  peiioil 
li'iilH  liilii  jii'r  l"i-r(,oiil,-r,  nihiltlittr  n  IIhI.  of  hII  delicieiicics;  but  tUeseomd 

''1''"'"'"^  '"  .v'   lliilfbed.    Tlic  uiilhorji'  cataloKuc  will,  however, 

'"'  '""xl-  "I"  III"  Ci'llowK  111  Hie  eourso  of  tlic  present  year, 

\  -ulih'.-l  tiidiloum'  wiin  pivpunil  by  Mr.  (SiHlfrey  Evans  in  1871,  and 
Hi-  .>vtn>m.'l\  ii<.,>l\il.  luit  ll  now  eon  I  (tins  less  tliuu  half  the  books  id 
U\\\\^\  .i\      III  l,Mr<,|  w«stlH'ivfun««v^>lviHl  that  a  new  and  exhaustive 
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subject  catalogue  slionid  be  prepared,  and  tlie  services  of  Dr.  Marie 
were  secnretl,  t«  work  at  it  auder  the  control  of  Dr.  Mill.  He  has  siDce 
given  tbe  society  the  benefit  of  bis  remarkably  wide  knowledge  of 
;reograpby  and  travel,  and  of  bis  rare  perHevemtice  and  organizing 
ahility.  The  three  essentials  of  this  catalogue  are  that  it  is  to  be 
exbanstive,  systematic,  and  exclusively  geographical,  many  works  in 
tbe  library  that  are  nut  geographical  appearing  only  in  tbe  aathors 
cataloguo.  A  subject  catalogue  fulfilling  these  conditions  will  be  an 
invaluable  coutributhtn  to  geography,  serving  as  a  guide  to  all  workers 
in  all  parts  of  tbe  world,  as  well  as  rendering  tbe  contents  of  tbe  library 
accessible  to  fellows.  It  involves  enormous  labor.  All  the  titles  of 
books  and  pamphlets  in  tbe  i>rinted  catalogues,  numbering  18,000,  have 
been  cut  out  and  classified;  and  all  transactions  and  )>eriodicaIs  have 
been  rearranged.  Dr.  Murie  calculates  that  the  number  of  tUles  of 
papers  in  periodicals  wilt  amount  to  S4,000;  so  ttiat  the  complete  cata- 
logue will  comprise  about  110,000  titles,  occupying  5,000  octavo  pages 
of  pi-int.  Dr.  Murie  is  now  put  upon  his  metal  to  complete  tbe  work 
in  not  more  than  two  years. 

Dr.  Mill  gave  a  uew  form  tu  the  bibliography  in  the  Journal  when  it 
was  commenced  last  year.  It  was  made  to  include  not  only  books  and 
separate  pamphlets,  but  all  the  longer  geographical  papers  which 
appeared  in  the  periodicals  received  in  the  library.  Thus  an  analysis 
of  current  geographical  work  is  presented  each  umnth.  From  these 
notices  a  sul>ject  card  catalogue  has  been  com])iled  since  Juue,  1892, 
divided  into  continents  and  subdivided  into  countries  and  provinces, 
tlie  arrangement  being  assisted  by  the  use  of  differently  colored  cards. 
As  it  itt  kept  lip  to  date,  this  card  catalogue  forms  an  appendix  to  the 
great  subject  catalogue. 

As  soon  as  tbe  alphabetical  catalogue  is  finished  I  intend  to  estab- 
lish two  desiderata  books — one  for  fellows  to  enter  any  book  tliey  may 
bave  asked  for  which  is  not  in  the  library,  and  the  other  to  contain  a 
complete  list  of  works  which  are  wanting  to  make  our  library  i>erfect. 
I  am  very  ansJons  that  the  siccommodation  for  reiulers  shonld  be 
improved  and  that  they  should  be  miule  more  comfortable,  in  order 
that  their  numbers  may  increase  and  that  more  use  may  be  made  of 
the  library.  Several  Rugge^tions  have  been  msule  with  this  object  in 
view  from  time  to  time,  and  now  the  question  of  either  improving  and 
enlarging  the  accommodation  in  our  present  house  or  of  buying  other 
premises  is  occupying  the  very  serious  attention  of  the  council. 
Momentous  financial  and  other  questions  are  iuvolv(Hl,  and  tbe  subject 
is  one  which  calls  for  most  careful  consideration.  It  will  not  be  decided 
hnrriedly,  and  no  irremediable  step  will  be  tiiken  without  the  consent 
of  the  fellows  of  the  society  assembled  at  a  special  general  meeting. 
At  the  same  time  a  final  decision  is  rather  prc^^sing.  as  all  the  work  is 
kept  in  an  nnsettledstjitc  until  it  is  known  whether  we  are  to  remain  in 
wu-  present  house  or  to  go  elsewhere.     For  instance,  the  press  marking 
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of  tbe  bookH  in  tbe  library  caii  uot  be  proceeded  with  aodl  it  is  knovn 
oil  wbat  alielvea  they  are  t»  rest.  Tbe  fellows  may  be  assured  that  oar 
tleliboratioiis  will  befall  aud  mature,  tliat  wesliall  seek  tbe  beet  advice, 
and  that  onr  final  decision  ou  tiiis  subject  will  be  the  best  that  can  be 
roa<lu  under  the  very  difficult  circumstances,  when  there  are  so  mwiy 
thiugH  for  aud  against  any  course  we  can  adopt. 

Tbetleograpliical  Jonrnul  in  its  present  form  has  now  completed 
tbe  first  eiffliteen  months  of  its  existence,  and  we  may  claim  for  it  that 
it  has  mure  thiui  fulfilled  tbe  expectations  that  were  entertained  of  it 
We  now  receive  every  month  tbe  papers  read  at  our  evening  meetiugs, 
with  (food  and  original  maps,  with  the  discussions  and  ofteu  with  illns- 
tratiouH,  papers  ou  scientitic  aud  on  applied  geography,  carefnllj 
HehH;l«il  and  flassified  notes  on  matters  of  general  geographical  inter 
est,  uotictM  of  the  literature  and  cartograpliy  of  the  month,  obituaries, 
and  news,  I  find  that  already  our  Journal  has  attained  a  fair  share  of 
Hiutf^eHH,  The  sale  to  the  outside  public  lias  increased  considerably, 
and  the  iui|>ortancu  of  onr  publication  may  be  gauged  to  some  extent 
titim  the  fact  that  the  advertisements  have  increased  from  fonr  to  au 
avenige  of  twenty-two  jiages.  This  is  iniiKirtnnt,  because  it  helps  the 
.lonrnal  in  its  new  form  to  pay  for  the  expense  of  its  production.  Tbe 
fiu-t  thnt  it  is  quoted  everywhere,  at  home  and  abroad,  may  be  taken 
as  a  Kign  that  it  has  already  been  recognized  as  the  leading  organ  of 
giv)giiip)iy,  at  leitRt  in  the  Unglish  language.  From  tlie  beginning  it 
hiiH  b(M'ii  favorably  noticed  by  the  principal  organs  of  tbe  press.  But 
I  consider  that  the  most  gnttitying  testimony  to  the  enterprise  of  our 
society  In  this  and  other  directions  is  contained  in  a  letter  from  the 
celebrated  traveler  aud  geographer,  Baron  von  Itichthofen.  "  Will  yon 
allow  me,"  lie  wi-ote,  "  to  make  iise  of  this  opiwirtunity  for  congratn- 
latiiig  y<m  ou  tliu  excellent  character  of  the  Geographical  Jonmalf 
Ah  far  uh  onr  means  i>ermit,  we  shall  endeavor  to  imjtrove  its  character 
and  attractions.  We  have  subscribers  outside  the  society  in  all  parts 
of  the  world — in  remote  town,s  in  the  United  States  and  in  Aastralia— 
and  steps  will  lie  taken  to  bring  tbe  Journal  under  tbe  notice  of  han- 
(Irmls  likely  to  be  interested  iu  it,  both  in  America  and  the  Colonies. 
Tbe  size  of  our  publication  will  proliably  have  to  be  increased  before 
long,  for  oven  with  the  extra  pages  which  have  been  added  onr 
accomphshtnl  editor  finds  it  iucreusiugly  difficult  to  keep  pace  with 
geograpbiciil  activity  in  all  departments  and  in  all  parts  of  the  world. 

We  thus  have  in  our  Journal  every  month  a  very  complete  review  of 
geographical  proceedings  throughout  the  world,  aud  every  six  months 
six  Journals  are  presented  to  us  wrtli  sin  index.  The  review  of  these 
proceedmgs  which  it  has  been  customary  for  former  presidents  to  give 
in  their  annual  addresses,  has  therefore  become  unnecessary,  for  tbe 
fellows  will  already  be  in  possession  of  such  a  review,  aud  another 
recapitulation  is  neitlier  useful  as  inforniation  nor  serviceable  for  fntnre 
reference.    It  is  work  already  well  done.     Lt  seems  desirable,  thereforej 
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as  likely  to  be  more  iuterestiog  to  the  fellows,  that  the  inaiD  part  of  the 
address  should  iu  future  dwell  upon  some  particular  subject,  preferably 
oiie  that  has  most  engaged  the  attention  of  geographers  during  the 
past  year. 

I  freely  acknowledge  that  the  omission  of  a  detailed  review  of  the 
progress  of  geography  will  be  quite  a  new  departure,  for  such  a  review 
has  annually  been  given  since  the  foundation  of  the  society.  For  many 
years  it  was  essential,  because  the  information  vould  not  be  found  else- 
where, and  for  a  long  time  it  was  very  useful ;  but  as  it  has  now  become 
nunecessaiy,  owing  to  the  improved  character  of  our  Journal,  the  time 
for  a  change  iu  the  plan  of  the  annual  address  seems  to  have  arrived. 
During  the  first  eight  years  of  our  existence  the  reviews  of  geographical 
progress  were  written  by  our  indefatigable  naval  secretaries.  Captains 
Maconocbie  and  Washington;  but  iu  1838  my  accomplished  predeces- 
sor, Mr.  W.  B.  Hamilton,  introduced  the  practice  of  deliveriug  annual 
presidential  addresses,  which  has  ever  since  prevailed.  Since  1838 
there  have  been  only  three  occasions  on  which  the  annual  address  has 
not  been  written  and  delivered  by  the  president.  Iu  1861  Sir  Boderick 
Morcbisou,  aa  vice-president,  delivered  the  address  in  the  abHcnoe  of 
Lord  Ashburton ;  in  1879 1  delivered  the  address  as  secretary,  owing  to 
the  absence  of  Lord  Dufferin ;  and  tbe  illness  of  Lord  Aberdare  made 
it  necessary  for  General  Stracbey  to  deliver  the  address  iu  1886.  It  was 
the  custom  for  tbe  obituaries,  which  now  appear  in  the  diO'erent  num- 
bers of  the  Journal,  to  be  collected  in  the  address,  and  there  was  a 
detailed  review  of  work  done  during  the  year.  I  may  observe  that  the 
address  was  always  entitled  "Address  to  the  Royal  Geographical 
Society  by  the  president"  from  1838  to  1878.  !n  1879  I  prepared  a 
statement  o£  the  progress  of  geography  during  tbe  year  iii  lieu  of  a 
president's  address,  and  ever  since  my  title  has  been  adopted  and  the 
president's  address  has  been  called  "The  annual  address  on  the  progress 
of  geography.'*  But  that  title  was  not  intended  for  tbe  president's 
address.  I  now  propose  to  revert  to  the  older  and  more  convenient 
title,  "Address  to  tbe  society  by  tbe  i)resident,"  leaving  each  president, 
freedom  to  choose  his  own  subject-matter. 

For  it  was  not  the  plan  of  Mr.  Hamilton  that  the  addresnes  should 
be  confined  to  obituaries  and  reviews  of  current  work,  as  has  generally 
been  the  ease  iu  recent  times.  He  and  bis  immediate  successors,  while 
following  the  established  practice,  also  dwelt  upon  some  special  subject 
in  the  body  of  their  addresses.  In  1838  Mr.  Hamilton  dis<:oursed  on 
the  importance  of  geography  and  on  the  uses  of  tbe  society;  and  in 
1839  bis  great  numismatic  knowledge  enabled  him  to  ofil'er  some  most 
interesting  suggestions  respecting  our  medals.  Mr.  Gieeiiongb  occupied 
his  address  with  a  treatise  on  map  drawing  and  an  improvetl  system  of 
mapping.  Admiral  Smyth  <lwelt  on  the  duties  of  the  society,  and  on 
tbe  definition  and  scope  of  geography.  Sir  Boderick  Murcbison  made 
it  a  regular  practice  to  select  some  subject  of  interest  as  the  principal 
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feature  or  kernel  of  Ms  addresses.  lu  1844  tbia  was  the  Ural  Mountains 
and  tbe  gold  jtrodiice  of  KuB»ia.  In  lSo'2  he  sketched  out,  with  a 
master  hand,  the  geograi)hical  features  of  the  African  continent.  Ocean- 
ography, suggested  by  Maury's  charming  work,  was  the  subject  of  Sir 
Boderick's  address  in  1853.  In  1857  he  stirred  his  andience  to  enthosi- 
asin  by  his  advocacy  of  a  fiual  Arctic  search ;  and  in  the  following  year 
he  dwelt  on  changes  of  tbe  earth's  surface.  Earthquakes  were  his 
subject  in  l8Si>,  the  former  condition  of  Europe  in  1863,  and  glaciers  in 
1864.  In  18C5  lie  reviewed  the  work  remaining  to  be  done  in  all  parte 
of  the  world.  The  address  of  1867  was  devoted  to  the  Aralo-Casptao 
Basin,  and  Sir  Itoderick^s  later  addresses  were  occupied  with  the  con- 
nection of  geography  with  geology.  After  Sir  Roderick's  time  tlie 
practice  of  giving  a  kernel  to  the  presidential  addresses  was  aban- 
doneil  until,  in  1888,  General  Strachey  touched  upon  the  legitimate 
limits  of  geography  and,  in  1889,  on  the  occupation  of  the  waste  spaces 
and  on  the  supremacy  of  civilized  races. 

The  idea  of  devoting  the  bulk  of  the  presidential  address  to  one 
special  subject  of  interest  is  not,  therefore,  an  innovation,  for  it  was  the 
almost  invariable  practice  of  Sir  Koderick,  and  had  been  occasionally 
adopted  before  his  time.  As  the  ordinary  subject  of  former  addresses 
is  DOW  adequately  provided  for  every  month  in  the  Journal,  a  mew 
recapitulation  can  serve  no  useful  ])urpose.  The  fare  that  should  now 
be  served  up  to  the  fellows  is  a  kernel  in  imitation  of  Sir  Roderick's 
menu,  with  such  garnishing  as  time  and  circumstance  may  suggest  and 
as  each  president  may  think  desirable.  Such  is  my  ideal  of  the  pres- 
idential iuldrcss  of  the  future;  but  I  am  unable  to  entertain  the  hope 
that  I  can  make  even  an  aiiproach  to  its  reaUzation.  I  will,  however, 
take  this  opportunity  of  dwelling  upon  the  subjects  which  havecbiefly 
occupie<l  geographers  during  the  past  year,  namely,  the  promotion  of 
farther  discovery  both  in  the  Arctic  and  the  Antarctic  regions. 

Ko  less  than  six  expeditions  have  either  been  projected  or  under- 
taken to  explore  different  parts  of  the  Arctic  regions  within  the  last 
two  years,  so  that  the  subject  bas  necessarily  occupied  a  large  share  of 
oar  attention.  It  is  one  that  has  been  before  this  society  since  its 
foundation,  and  some  of  tbe  most  important  Government  expeditions, 
including  that  of  Sir  George  Nares  in  1875,  were  due  to  the  initiative 
of  our  council.  In  the  long  period,  during  which  Arctic  work  has  been 
over  and  over  again  under  the  special  consideration  of  the  council,  and 
of  committees  appointed  by  it,  consisting  of  men  of  science  and  of 
varied  Arctic  experience,  distinct  canons  of  exploration  have  been  laid 
down,  and  opinions  have  been  formulated  which  will  certainly  be  usefil 
for  our  guidance  in  tbe  future.  Tbe  council  has  always  consistently 
maintiiiucd  that  merely  to  reach  the  North  Pole,  or  to  attain  a  higher 
h\titude  than  someone  else,  were  objects  unworthy  of  support.  In  our 
view,  tbe  objects  of  Arctic  exploration  are  to  secure  useful  scienttfic 

suits :  In  geography,  by  exploring  tbe  coast  hues  and  interiors,  and  by 
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aBcertainiiig  tlie  conditions  of  land  and  aea  within  tlie  uoknowit  area; 
in  geologyjbyobservatioDsaDd  collections;  iu  zoology  and  botany;  and 
in  pbysics,  by  a  complete  series  of  observatiotis,  extending  over  at  least 
a  year.  I  well  remember  tbat  wheo,  in  1874,  we  were  preparing  the 
memorandum  oo  the  scieotific  results  of  Arctic  work,  General  Strachey 
added  another  consideration.  It  may  be  shown,  he  said,  tbat  uo  Bucli 
extent  of  unknown  area,  in  any  part  of  the  world,  ever  failed  to  yield 
results  of  practical  as  well  as  of  purely  scientific  value;  and  it  may 
safely  be  urged  tbat,  as  it  is  mathematically  certaiu  that  the  area  exists, 
it  is  impossible  tbat  its  examination  can  fail  to  add  largely  to  the  sum 
of  human  knowledge. 

The  unknown  area  remains  very  much  as  it  was  left  wheu  these  words 
were  written  in  1S74,  except  that  the  expedition  of  Sir  (leorge  Nares, 
in  the  two  following  years,  discovered  the  trend  of  the  land  on  the 
eastern  and  western  sides  of  Robeson  Cbanuel,  the  great  extent  of  the 
sea  of  ancient  ice,  and  brought  back  valuable  collections  and  observa- 
tions in  all  branches  of  science.  We  are  still  ignorant  of  the  region  to 
the  north  of  Siberia.  The  northern,  western,  and  eastern  sides  of  the 
archipelago  of  Franz  Josef  liand  have  yet  to  be  explored.  The  problem 
is  still  unsolved  whether  there  is  land  due  north  of  Spitzbergen.  We 
have  yet  to  hear  whether  the  outline  of  Greenland  has  been  completed. 
Bllesniere  Land  is  almost  entirely  anknowu,  as  well  as  the  important 
and  interesting  region  leading  fh>m  Joues  Sound.  The  whole  vast 
region  between  Prince  Patrick  Island  and  Siberia,  the  exploration  of 
which  will  lead  to  such  important  results  in  physical  geography,  is  also 
unknown.  The  whole  of  this  work  caTi  only  be  accomplished  gradually, 
and  one  expedition  will  have  to  follow  another  until  all  the  knowledge 
attainable  in  this  field  of  inquiry  has  bet^n  secured. 

For  achieving  success  we  have  held  certain  canons,  the  correctness 
of  which  has  been  confirmed  by  all  experience.  It  is  true  that  they 
maybe  neglected  on  rare  occasions  without  fatal  consequences,  but  this 
can  very  seldom  be  done  with  impunity.  The  first  great  lesson  taught 
hy  two  centuries  of  experience  is  that  no  extensive  and  useful  explor- 
ing work  can  be  calculated  u^wn  by  merely  entering  the  drifting  pack. 
Secure  progress  can  only  be  made  by  following  a  coast  line.  The  second 
canon  is  tbat  at  least  one  winter  must  be  passed  at  a  point  beyond  any 
hitherto  reached.  This  is  essential  in  order  to  obtain  series  of  meteor- 
ological and  magnetic  observations  of  any  value.  The  third  rule  is 
that  a  ship,  not  a  hut  on  shore,  must  be  looked  upon  as  the  proper 
base  of  operations,  sledges  beiug  the  main  instruments  tor  exploration 
and  discovery.  Thoroughly  good  work,  including  coinplct«  series  of 
observations  of  all  kinds,  can  only  be  secured"  by  the  appliances  and 
resources  of  well-equipped  Government  expeditions.  When  the  con- 
viction of  the  importance  of  tbat  part  of  the  duty  of  a  Government  is 
absent,  which  is  unfortunately  the  case  during  long  iutervals,  private 
enterprise  has  always  been  ready  to  enter  the  breach,  though  with 
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inferior  resoarcea,  and  therefore  at  greater  riak.  Tbe  conuaaoder  of  an 
Arctic  expedition  ouglit  to  be  a  man  of  high  scientific  attainmentB,  of 
great  experience  in  tlie  ice,  and  known  to  lie  gifted  with  the  rare  quali- 
fications of  a  leader  of  men.  Suck  a  commander  is  seldom  to  be  ftmnd 
except  in  tbe  service  of  a  Goverument  with  a  wide  range  of  selectkn. 
When  the  circumstances  and  qualifications  that  we  would  desire  to 
secure  are  anattainable,  then  we  gladly  welcome  the  nearest  approaeh 
to  them.  Enterprise,  however  contrary  to  rule  and  however  aadacioas, 
should  ever  be  encouraged  and  cheered  onward.  When  there  areonlr 
small  resources,  risks  must  be  run  and  attempts  mu.st  be  made  whicb 
could  not  be  approved  under  other  circumstances.  We  shall  always 
admire  and  applaud  the  enthusiasm  and  temerity  of  those  who  make 
attempts  to  open  geographical  secrets  by  private  enterprise  and  with 
inadequate  means.  It  is  under  such  conditions  that  the  projects  have 
been  conceived,  and  in  some  cases  matured,  which  have  engaged  oar 
attention  in  the  Arctic  regions  during  the  last  two  years.  Tbe  merit  of 
the  work  that  may  be  achieved  will  be  immeusely  enhanced  by  tbe 
special  difficulties  arising  fVom  different  causes  in  each  case,  but  all 
increasing  the  risk  and  the  glory. 

In  Hansen  the  esi>ed{tion  to  the  north  of  Siberia  has  the  unusual 
advantage  of  having  a  commander  of  high  scieutillc  attainments,  con- 
siderable Arctic  experience,  and  the  rare  gift  of  inspiring  confidence 
among  his  followers.  As  is  wfill  known,  bis  guiding  idea  is  that  as  all 
previous  expeditions  have  been  stopped  by  the  ice  drifting  south,  be 
would  not  be  stopped  if  be  entered  the  Arctic  regions  in  the  ice  stream 
drifting  north.  He  thus  discards  our  chief  Arctic  canon,  which  is  that 
progress  should  always  be  made  along  a  coast  Une;  but  the  applicatJon 
of  that  rule  hns  always  been  to  ice  drifting  in  a  direction  contrary  tA 
the  course  of  the  ship.  It  seems  very  doubtful  whether  the  initial  force 
of  the  current  on  the  Siberian  side  of  the  Polar  Sea  will  be  sufficient  to 
carry  the  From  into  the  strong  stream  which  undoubtedly  flows  south 
between  Spitzbergen  and  (Greenland.  Her  drift,  however,  may  be  in 
the  direction  that  is  anticipated  by  her  sanguine  and  very  able  com- 
mander, and  it  is  almost  certain  that  there  is  an  iee-Iaden  channel, 
unobstructed  by  extensive  land.  We  have  no  intelligence  of  the  expe- 
dition having  reached  the  neighborhood  of  the  moutli  of  the  Lena,  and 
it  is  jwssible  that  the  Fram  may  have  been  beset  in  rounding  Cape 
Chelyuskin,  or  even  earlier.  In  that  case  it  is  likely  that  land  will  be 
discovered,  which  will  certainly  diminish  the  dangers  of  the  pack. 
Wilczek  Land  may  extend  for  a  great  distance  to  the  east  Thevater 
to  the  east  and  west  of  the  most  northern  point  of  Siberia  is  deeper  thau 
that  directly  to  the  north,  which  seems  to  indicate  the  existence  of  land 
nortli  of  CapeOhelyu8kiu,andit  is  notunlikely  that  tbe  .Fram  will  have 
fhllen  in  with  it.  In  that  case  Hansen  will  doubtless  seek  ite  northern 
limit,  and  thence  endeavor  to  get  into  the  northerly  drift.  Under  any 
circumstances,  he  is  sure  to  accomplish  a  great  deal  of  valuable  scieu- 
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tific  work,  nnd  to  make  important  discoveries.  Of  that  we  may  be 
quite  confident;  and  I  am  glad  to  tbitik  tbat  Nanaeu  concurs  in  tbe 
maxim  of  our  council,  that  tbe  principal  aim  of  Arctic  voyagea  should 
be  to  explore  tbe  unknown  regions,  and  not  merely  to  reach  the  Pole. 
Jjieatenant  Weyprecht  writes  even  more  strongly.  "The  key  to  many 
secrets  of  nature,"  he  says, "  the  search  for  which  has  now  been  carried 
on  for  centuries,  is  certainly  to  be  sought  for  near  the  poles.  But  as 
lous^  as  polar  expeditions  are  looked  upon  merely  as  a  sort  of  interna- 
tioual  steeplechase,  and  their  main  object  is  to  exceed  by  a  few  miles 
tbe  latitude  reached  by  a  predecessor,  those  mysteries  will  remain 
unsolved." 

Tbe  scene  of  Weyprecht's  scientific  observations,  and  of  Payer's 
interesting  and  ably  conducted  sledge  Journey,  was  Franz  Josef  Land, 
which  is  certainly  the  most  promising  starting  point  for  farther  discov- 
ery. This  land,  diwtovered  by  the  Austrian  expedition  in  1872,  consists 
of  an  archipelago,  the  southern  shores  of  which  are  as  far  north  as  80°, 
while  tbe  most  northern  laud  seen  i»  in  83°.  It  will  be  remembered 
that  Franz  Josef  Land  consists,  besides  smaller  islands,  of  two  masses 
of  land  of  sufficient  extent  to  bear  discharging  glaciers  sending  forth 
flat-topped  icebergs,  which  apparently  drift  northward.  Between  these 
two  masses,  called  Zichy  and  Wilczek  lands,  is  tbe  channel  named 
Austria  Sound,  which  was  explored  for  a  considerable  distance  by 
Payer  in  the  months  of  March  and  April,  by  means  of  sledges  drawn 
by  men,  assisted  by  three  dogs.  All  the  low  islands,  as  well  as  the 
main  masses  of  land,  were  found  to  be  covered  by  glacial  caps.  The 
remarkable  fact  connected  with  this  journey  is  that  fl^m  Payer's 
farthest  point  in  82<^  5'  north  a  water  sky  made  its  appearance  in  the 
north,  the  temperature  rose,  and  the  rocks  were  covered  with  thou- 
sands of  auks  and  guillemots.  From  a  height  Payer  looked  down 
on  a  dark  sheet  of  open  water  dottetl  with  icebergs.  On  April  12  the 
thermometer  was  at  54°  F.  These  phenomena  so  early  in  the  year  are 
most  exceptional,  and  point  to  au  abnormal  condition  of  things,  the 
causes  of  which  it  would  be  of  the  utmost  importance  to  discover. 
Possibly  they  betoken  the  navigability  of  the  Polar  Sea  in  this  direc- 
tion at  certain  seasons,  although  it  is  true  that  Payer's  open  water 
was  only  a  "polynia,"  and  was  surrounded  by  old  ice.  In  1880  Mr. 
Leigh  Smith,  in  the  fi'ra,  reached  the  southern  shore  of  Franz  Josef 
Land,  and  succeeded  in  rounding  the  western  headland,  whence  the 
-land  trended  in  a  nortliwesterly  direction. 

Judging  from  the  birds  and  0[)en  water  in  82°  north  as  early  as  the 
mouth  of  April,  and  from  the  success  of  Mr.  Leigh  Smith's  voyage  in 
1880,  it  was  considered  by  all  who  were  capable,  from  their  Arctic  experi- 
ence, of  forming  ajudgment  that  the  proper  way  to  explore  the  north- 
em  part  of  the  Franz  Josef  Archipelago  would  be  by  dispatching  a 
Well-equipped  vessel  along  the  western  coast.  It  was  the  maxim  of 
theB»fi&n  Bay  whalers  to  "stick  to  tbe  laud  floe,"  aud  to  this  Sherard 
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CVbom  ;M]tI«d.  -  Stick  to  tbe  wastem  Bhwe-T  I  strongly  advocated  tke 
dK$|kat(-h  of  such  an  expedition  at  a  meeting  of  this  society  on  Decem- 
ber 9. 1S7*,  and  my  lievs  were  indorsed  by  several  bigb  Arctic  aath<»i 
ties.  A  Teesel  well  hatHlIed  woold  certainly  reacb  tbe  tbresbold  of  tbe 
noknown.  and  wtxild  probably  estabbsb  a  base  on  tbe  west  shore  «f 
King  iy^^M  or  of  PetennaDD  lands,  wbeuce  extensive  and  most  impor- 
tant di^'overit^  would  be  made  in  tbe  spring.  Tbis,  no  doabt,  is  the 
mt>st  promising  way  of  attempting  the  exploration  of  one  of  the  most 
*in]purtMnt  s«<tiims  of  tbe  onknown  polar  region,  and  1  believe  that  it 
will  W  uiulertakcn  the  next  time  the  British  people  wake  up  from  tbeir 
leilianry  and  become  alive  to  tbe  national  importance  of  Arctic  wwk.  I 
Tbis  hapi^cas  about  every  thirty  years.  I 

M«»nwbile  we  webiime  the  enterprise  of  Mr.  Hannsworth  and  Hr. 
F.  <.!.  .I:u-ks4iu.  which  is  directed  toward  the  Austria  Sound  of  Payer. 
It  is  highly  to  the  cre«lit  of  Mr.  Harmswortb  that  be  sboold  bare 
detenuinetl  to  inwvide  the  funds  for  a  laudable  geographical  andei- 
taking.     It  reminds  oue  of  the  patriotic  munificence  of  the  merchant 
princes  of  nld,  »nd  of  Sir  Felix  Booth  in  more  recent  times.     Mr. 
J»cks4iu  has  miule  a  voyuge  in  a  whaler,  aud  last  year  he  went  ont 
with  Ciiptaiii  Wiggins  to  Waists  Island,  where  be  was  landed.    He 
then  maile  an  excursion  around  the  island  with  some  Samoyeds,  retnn- 
iiig  by  Airliaiigel;  these  sletlge  journeys  being  undertaken  ia  order    j 
that  he  might  aoiuire  ex)>erieuce  for  his  Aiture  work.    His  plan  is  to 
be  landeil  nt  Kira  Harbor,  or  at  some  other  convenient  point  on  tbe 
southern  shore  of  tbe  Franz  Josef  Archipelago.    For  this  purpose  t 
whaler  named  the  Windirard  has  been  purchased.     She  will  land  the 
party  of  six  men,  and  return  without  wintering.    A  house,  brought  out 
iu  pieces,  will  be  erci'teil,  aud  tbe  explorers  will  pass  tbe  winter  in  it 
iu  order  to  be  ready  for  a  spring  journey  up  Austria  Sound  in  the  foot- 
steps of  Payer.    Tlie  chief  drawback  to  the  plan  is  that  so  mnch  of 
the  traveling  will  be  over  old   ground  already  well  explored  by  iJie 
Austrian  e.vpe<litjuu;  so  that  the  base  of  operations  will  be  at  least 
100,  and  if  at  Kira  Harlmr  nearer  200,  miles  lYom  tbe  point  reached  b; 
Payer,  where  Air.  Jackson's  work  will  commence.     It  does  nut  appear 
how  a  second  winter  fjuarters  can  be  established,  with  a  sufficient  stock 
of  provision.1,  at  the  farthest  point  reached.     It  will  therefore  be  neces- 
sary to  return  to  tbe  original  base  of  operations,  aud  to  start  again 
over  all  tbe  same  ground,  iu  the  second  spring.    A  well-consideTed      i 
system  of  depots  would  render  this  second  journey  more  rapid  if  the 
explorers  maintain  their  health,  and  with  a  good  team  of  dogs  luacb      I 
ground  might  be  covered.    The  most  fortunate  thing  that  could  hap- 
pen would  be  to  find  Austria  Sound  open,  so  that  the  Windteard  or 
a  steam  pinnace  could  convey  the  explorers  northward  to  withio  a      I 
shorter  distance  of  their  work.    Austria  Sound  is  not  tbe  route  I      i 
should  have  recommended  for  reaching  Petermann  Land,  but,  with      | 
wise  management  and  under  fovorable  conditions  of  ice  and  weatba, 
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a  good  measure  of  success  is  quite  possible.  The  coancil  is  desirous 
'  of  giviug  Mr,  Jackson  all  the  eucouragement;  and  assistance  ia  its 
.  power,  and  we  heartily  wish  him  all  the  success  that  is  attainable  with 
the  meaus  at  his  disposal. 

Westward  the  archipelago  of  Spitzbergen  ends  tn  the  parallel  where 
that  of  Frauz  Josef  conuoences.  It  has  loug  been  afayorite  idea  with 
iuezperienced  theorists,  that  the  pole  might  be  reached  by  a  ship 
shaping  a  northern  coarse  through  the  ice  to  the  north  of  Spitzbergeu. 
This  idea  trangresses  the  best  established  of  our  Arctic  cauon8,  which 
is  never  to  enter  the  drifting  pack  away  from  laud.  But  it  occurred  to 
SirEdwiird  Parrythat,  although  theinipra«ticabiIityofaailiugtotlie  pole 
by  the  Spitzbergeu  route  was  sufficiently  proved,  the  same  object  might 
be  attained  by  traveling  with  sledges  over  the  ice.  Parry  undertook 
this  feat  in  1827  with  two  flat-bottomed  boats  20  feet  long,  with  run- 
nerson  each  side  of  the  keels  shod  with  metal,  so  that  the  boat  entirely 
rested  on  the  runners  when  on  the  ice,  and  became  a  sledge.  Tbey 
started  with  seventy-one  days'  provisions,  and  on  June  23  the  boats 
were  hauled  on  the  ice  in  Bl°  13'  north.  The  weight  of  each  boat  with 
provisions  was  3,753  pounds,  or  2C8  pounds  per  man,  there  being  twelve 
men  and  two  officers  for  each  boat.  The  ice  floea  were  found  to  be  of 
small  extent  and  intersected  by  high  ridges  of  hnmmock.s,  the  snow 
was  soft  and  heavy,  and  there  was  much  water  lodged  on  the  floes; 
but  the  southerly  drift  exceeded  4  miles  a  day.  The  advance  north 
under  such  circumstances  wsis  hopeless,  and  Parry  resolved  to  retrace 
his  steps  on  July  23,  when  he  was  in  82'='  46'  north.  From  this  pomt 
there  wasa  strong  yellow  ice  blink  overspreading  the  northern  horizon 
and  showing  that  the  polar  pat^k  extended  far  to  the  northward. 
Parry's  great  misbtke  was  in  starting  so  late  in  the  year.  Heoughtto 
have  been  at  least  two  months  earlier.  The  daily  allowance  of  food 
was  insufficient,  and  the  weight  to  be  dragged,  of  26S  pounds  per  man, 
was  far  too  great. 

Undoubtedly,  if  these  errors  were  avoided,  a  much  farther  advance 
to  the  northward  might  be  made  under  favorable  circnuistances.  The 
object  of  such  an  expedition  would  be  to  get  farther  north  than  any- 
body else — "to  beatttie  best  re<M)rd" — a  motive  which  was  so  earnestly 
deprecated  by  Lieutenant  Weyprecht  as  the  bane  of  good  Arctic 
work.  Still,  it  is  a  sporting  thing  to  attempt,  and  as  those  wlio  are 
engaged  in  it  will  acquire  valuable  experience  in  the  ice,  it  deserves 
every  enconragemeut.  Mr.  Walter  WeUniftn,a.iouraalist  of  Washington 
City,  with  funds  amounting  to  £4,000,  has  undertaken  to  make  a  renewed 
attempt  to  attain  a  very  high  latitude  north  of  Spitzbergen,  and  has 
already  started  on  hia  adventurous  undertaking,  with  a  few  carefully 
chosen  assistants.  He  is  a  capable  and  resolute  man,  and  a  thoroughly 
well-planned  effort  will  be  made  under  his  auHpices.  Ho  will  land  on 
Danes  Island,  near  the  northeast  angle  of  Spitzbergen,  in  the  present  • 
nionth.    Thence  he  will  push  northward  in  aluminium  boats  of  a  new 
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lliiiiwsl*-,  ihvsutA.  kc<Mt  '-iriK**^  ubC -riaar-srif!  i  iBifiwi  ■wiiii  il  ti\i\\ 
i'IhI  KtviitK  tlw:  n««<— <>.4T7 rr-*— tt:  tas  SM  var^  ri£Y&7T?'  is  iiuduBiblt 
I'liiMili'jty  H«T\'io|!  to  f-n.'itj-^  !Bic  ":."i»^>.  rf  -'w-  »f*  and  W  maaan 
I  Ik-  fonv  'if  t)i*?  n'rtni.>.->ie.  :£^f«£k  'W  vit  it-  •rzinvmrc  TWlEediii 
|iliir4>  or  iilii  mi  Ilium.  smmI  tb*-  pCue»  uv-  r.T<t^fL  :  iji  1m  i  t-ItB^cr  hdtai. 
hikI  iin*  only  n  leiilli  <«f  sa  ::>a  :£.>^  T-««  *^  rcT.TMtv  aov  tmdoc 
III!'  biiiil't  iKiltfim.HO  as  lo  cr>OTVTi  :::  :i~-:-a  <>-<i^.  a»c  a  c^«r(afih- 
iiilhliiiii  In  riveted  to  tbeoat«r  ^es  «^  S<i.<»>  «^  to  A«^  j>  bnwlEsr- 
llM'ii  lor  niiiiiiiifc  on  the  lOW  or  kv.  I:  »  a^'t^'iJ  bow  ibiskndii 
niiiiiiT  will  work,  but  the  ligfalacw of  cbx-SnUT-z:  Iw  aa  isralnliUt 
iiilutiitiit[«,  mitl  Mr.  Wellman  oa^a:  u-  *'r»aee  tar  bnx«d  Pinr. 
rN|ii>t'litlly  If  llio  (loRH  prove  to  be  of  ose.  If  ;bm'  •r*'  i$La«ls  bertoJ 
N.I  '  iiiti'tli  III!  tlxi  H]iitzber(r<!n  meriilian^  v»l  bei«abjr  t*t  exptoetboB. 
lilN  i<\|it'illlii>ii  will  lie  of  ereat  ttervkc  lo  iRocrjj-cr:  t>«t  if  Mt,  mj 
lllllti  ln>hi>tll  I'liii  )>«  <lflriv<-d  from  a  joomey  ow  ibe  ic«  lloes  in  Pany» 
|(>.i(>.tt>|>'«. 

riiit  .iiK'iixiHii  «r  l.ient.  Itobert  B.  Peary  in  unnbcra  Oivntlaftd  an^ 
lltv  tiintli'nl  )i<>iiKnM>l<><!ulim|mrtanee.  It  U  <lesif:i>ed  to  solve  tbe  qvn- 
t loll  III  tli»  iiiHiiliirily  of  (Irceiiland,  one  of  the  oldest  that  renaios  ft* 
■>iiliiUi>it>  iiiid  iii't  Mill  leant  interesting.  It  is  a  i^Tvat  aclueTeateot  to 
\s\\[  lliv  ItiUHliuiK  (diu'li  totlie  Inngtaleof  berobunandooostaney  vhick 
i>  t'lti'i  l)iit  dioi'tiM^ry  of  tli«  outline  of  that  vast  glacier-besring  i/itu^ 
I  li>.  iniii.tinii'  "tiny  oCtlui  Norwiinen  is  succeeded  by  the  splendid  w«t 
t>i  ti.t\l>  .tilt)  ItiiOhi,  I'olldwi'il  by  the  voyagett  of  Boas,  Inglefield,  Kue. 
\\'\\\  I,  llitll,  iMtil  Ni)M<!i,  und  by  the  sledge  joaraeysof  Beaamont  w^ 
\  M>  kMxi'il  I'Ik'io  ilitiintlt'HH  t>x])lorem  completed  wbat  we  know  of  Uk 
»t  -w-yw  ui'li^  Oil  Itio  vitNi.  Hide  the  boat  journeys  of  Graah,  Bolii> 
,i>i>t  \i\\\\-\  \\-\\\*  Ix'oii  iHinni>t<tt>d  with  the  discoveries  of  Scoresby  ud 
\  |i\tMiiu,  'invl  ltit<  Ui'i'iiiitn  o\])t'>ditinn  of  Koldewey  named  the  mo^l 
ti^iiilK'iii  t>i'iiit  iliiw  M<i\^  Mil  tlio  oatit  const  after  Prince  Bismarck.  Hib 
\y\\\  I  ii>il>lt>  >iiitl>iii»ii  tiMHiuiHH-t  Oape  Bismarck  with  tfae  fortb^ 
ii>>mt  It  iiIhaI  l«>  1 '»  k\\i>i»l;  iiud  lie  rt>S(dve<l  to  make  the  attempt  from 
ttii'  yti'huii  »i>li^  U\  «>ii>^  Ml'  llin  most  remarkable,  if  not  the  mos' 
iv>i>>ii  h  it'll'   ixiit  iiiM  '•  t'>  ft'  iiitidM  over  lui  nnbroken  gliuier. 

t',.ii\  l<  A  ii'inxtoti  M.Miio,  tiKtnl  ittHiut  40,  and  an  engineer  in  f^ 
\  M\\\\  M.iti't  N  i\  \  Hiv  It  (I  nimi  wlio»pi>eara  to  be  cutoat  forBiif* 
t\nik  iiii»i'>i>"""  u>u'iIii>ikIiI  find  prudence  in  planning  his  operatic'^ 
null  «»i-ii  ■k>i"  -Kill  I  lioun«i  imdmiutwl  resolution  in  carrying  them 
tiiiM  iiiiiiHi'ii  >*'>  "' ''  v\iHHlUii»i  in  ISi)l-92  was  tentative,  bot  J' 
n  i|  1 .1  tiunl  -111  1 1'  '*  111'  «»'"'  ""'  '"  "'^  whaler  ffif^  and  was  Iftodwi 
til  \l\ri'i'iitv  V  !'■*>  in  I'  ■  I'  lu'ilU.MH  tU»  northern  side  of  Ingiefie''' 
\UiU,Uii>  \\  l,.|l|..'V.nii,liit  Hii\iu\  Ilio  piirtytHinsiating  of  seven  persons, 
III!  Iiiiliiitt   \W'   tV.n\      IN'-nj  l»»*<*  Uia  It-IE  biwkeu  during  the  voysgf^ 
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1  ^Fas  in  a  helpless  coDtlition  when  he  was  landed.  His  complete 
^very  was  due  in  no  small  degree  to  the  anremiCting  care  of  his  wife. 
e  must  all  feel  the  greatest  admiration  for  the  devotion  of  this  lady, 
to  l>raved  the  rigors  of  the  Arctic  regions,  and  was  not  only  the  life 
d  soal  of  th^  winter  quarters,  but  was  throughout  a  most  useful  mem- 
T  of  the  expedition.  The  house  wa8  conceived  and  erect^  in  awork- 
mliko  manner,  and  in  all  Peary's  operations  there  is  the  evidence  of 
.pacity  and  skill.  He  studied  the  queBtions  of  clothing,  of  provisions, 
id  of  sledge  weights  with  great  care  and  good  working  results.  He 
BO  tried  the  different  kinds  of  sledges  hefore  finally  deciding  that 
icGliiitock's  pattern  was  the  best.  Ilis  journey  occupied  eighty-three 
ays,  fW>in  May  16  to  August  6.  The  start  was  made  with  four  sledges, 
mr  men,  and  dog  teams,  the  de]>ot  sledge  with  two  men  returning  from 
Ittmboldt  Glacier.  Peary,  with  hiscompanion  Astmp,  proceeded  with 
hree  Bledges  and  the  dogs,  and  was  traveling  forty-eight  days  before 
eachiug  the  northern  edge  of  the  great  glacier,  the  aetnal  marching 
ime  being  forty  days,  and  the  distance  covered  650  miles,  or  16^  miles 
L  day.  They  had  no  depots,  ami  all  the  fond  was  carried  on  the  sledges, 
except  two  musk  oxen  and  a  calf  shot  on  the  northeast  coast.  The 
cetnrn  journey  of  600  miles  occupied  only  twenty-eight  days.  Peary 
started  with  twenty  dogs,  reached  his  extreme  point  with  fifteen,  and 
returaed  with  five.  A  good  Eskimo  dog  will  drag  100  pounds  at  the 
rate  of  10  to  20  miles  a  day. 

It  waa  found  that  in  approaching  the  etlge  of  the  glacier  toward  the 
north  the  travelers  got  involved  among  numerous  crevasses,  causing 
endless  tnmble  to  ciFcamveot  tbetn,  so  that  it  was  advisable  to  keep 
on  the  plaleiiu  of  the  glacier.  He  reached  the  northeast  coast  of  Green- 
land at  a  place  which  he  named  Independence  Bay;  and  from  the  height 
c;dled  Navy  Oiiff  he  obtainetl  an  extensive  view  of  lands  to  the  north- 
ward with  no  ice  caps,  and  therefore  probably  islands. 

Peary  returned  home  in  September,  1802,  and  earned  sufficient  funds 
for  his  second  exiiedition  by  mt^ans  of  lei^tures  and  articles  for  the 
press.  He  bad  maile  a  very  thorough  reconnoissance  in  1801-92.  by 
vhich  be  ha<l  teateil  all  his  equipments  anil  got  well  acquainted  with 
the  nature  of  the  country.  He  now  resolved  to  proceed  ui>on  Iiis  final 
effort  to  complete  the  work  lie  \\m\  set  himself  to  achieve.  Ho  sailed 
in  July,  1893,  with  a  party  numbering  fourteen,  including  Mrs.  I'eary 
ftiul  her  maid,  with  the  intention  of  erecting  tlie  house  in  Howdoin  Bay, 
on  the  shores  of  Whale  Sound.  Peary's  intention  was  to  commence 
hedging  operations  in  March,  two  months  earlier  than  in  1892,  and  to 
make  for  Independence  Bay  by  a  route  between  the  previous  outward 
and  return  routes,  so  as  to  avoid  the  crevasses  of  the  northwest  and 
the  fogs  of  the  higher  plateau.  Eight  Mexican  donkeys  have  been 
taken  as  an  ez|>eriment  and  fitted  with  snowshoes,  as  has  been  done 
with  horses  in  Alaska.  On  reaching  Independence  Bay  it  is  intended 
towDd  one  party  southward  to  Cape  Bismarck  and  the  other  aorth- 
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ward  to  connect  with  Lockwood's  farthest.  But  it  appears  that  Peary 
1b  also  bitten  with  the  "  beating  the  best  record  "  mania,  and  thinks  of 
pushing  due  north  with  the  object  of  reaching  the  highest  latitude 
attainable.  1 1  is  to  be  lioped  that  this  fancy  will  not  be  allowed  to  mar 
the  real  work  of  the  expedition,  which  is  to  complete  the  outline  of 
Greenland. 

Mr.  Peary  is  again  accompanied  by  the  hardy  young  Korwegiam 
Eiviud  Astrup.  who  was  with  him  throughout  his  first  journey. 

The  Falcon  ateamer  is  to  sail  next  June  and  proceed  to  Peary's  quar- 
ters in  Whale  Sound;  but  it  is  not  certain  whether  he  will  return  or 
resolve  to  coutinae  his  work  during  another  year.  His  decision  will 
probably  depend  on  the  extent  of  his  explorations  tbis  year  and  on  the 
amount  of  work  be  will  have  completed.  We  shall  all  look  out  for  the 
particulars  of  his  achievement  with  the  deepest  interest.  For  my  own 
part,  I  look  upon  Peary  as  an  ideal  explorer.  He  chose  one  of  the 
greatest  and  oldest  of  the  geographical  problems  tUat  remain  to  be 
solved,  and  he  set  to  work  as  if  he  really  intended  to  find  the  solation. 
Every  detail  of  equipment  wiis  thoughtfully  considered,  gear  was  tried 
and  titsted  befoi'e  being  used,  a  brilliant  preliminary  journey  over  the 
inland  ice  was  made.  All  was  done  in  the  workmanlike  style  of  a  true 
discoverer.  I  therefore  believe  that  Peary  will  succeed.  I  am  sure  that 
he  deserves  success. 

I  now  come  to  the  saddest  part  of  my  Arctic  story.  Next  to  northern 
Greenland,  the  most  interesting  part  of  the  unknown  region  is  the  laDd 
on  tbe  western  side  of  the  north  part  of  Baffin  Bay,  between  Smith 
Sound  and  Jones  Sound,  and  extending  along  the  north  side  of  Jones 
Sound  to  the  west  and  north.  It  was  named  Rllesmere  Land  by  Sir 
Edward  Inglefield,  who  saw  it  from  the  deck  of  tbe  Isabella  in  1852.  It 
is  called  Uming-mak  (the  land  of  the  musk  oxen)  by  the  Eskimos.  Ko 
one,  so  far  as  we  know,  has  ever  landed  between  Jones  Sound  and 
Smith  Sound.  But  in  August,  1851,  tbe  Intrepid  and  Pioneer  went  up 
Jones  Sound  for  40  miles,  and  Shcnird  Osborn  gave  a  very  interesting 
account  of  the  cruise.  Two  of  his  officers  landed  on  a  small  island  at 
their  farthest  point,  and  found  Eskimo  remains,  abundiinceof  vegeta- 
tion, and  some  reindeer  antlers.  In  the  following  year  Sir  E.  Inglefield 
entered  the  sound  in  bad  weather,  but  did  not  effect  a  landing.  This 
is  all  we  know  of  Ellesmere  Laud  south  of  Smith  Sound. 

Tbe  absence  of  knowledge  respecting  Ellesmere  Land,  and  tha  com- 
parative ease  with  which  its  eastern  coast  may  be  reached,  induced  an 
accomplished  and  adventurous  young  Swede,  named  Alfred  Bjiirling, 
to  tnm  his  attention  to  its  exploration.  His  original  plan  was  to  pro- 
ceed up  Baffin  Bay  in  a  St.  John's  whaler,  and  to  land  as  near  as  pos- 
sible to  Cape  Sabine,  within  Smith  Sound.  During  the  next  ten  weeks 
be  proitosed  to  travel  by  boat  and  sledge  through  Hayes  Sound 
toward  the  Victoria  Archipelago,  or  North  Kent.  Bjorling  is  a  bota- 
vist,  and  he  believed  that  this  region,  while  quite  unknown  geograph- 
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ically,  would  offer  au  exceptioiiHlly  ricU  field  for  botanical  researches, 
becaase  its  position  makes  it  a  connecting  link  between  Greenland  and 
Arctic  America.  His  retarn  journey  was  to  have  been  directed  either 
to  Cape  Warrender  or  along  the  east  coast  of  Ellesmere  Land  to  a  spot 
where  he  could  be  picked  up  by  a  returning  whaler. 

This  was  a  well-conceived  plan,  provided  that  proper  arrangements 
were  made  with  a  whaler.  There  is  no  reason  why  geogruphers  and 
uatnraliste  should  not  sjiend  ten  weeks  of  the  summer  on  such  useful 
work,  if  properly  equipped,  and  if  a  vessel  will  engage  to  call  fur  them 
before  returning  home,  at  a  prearranged  siiot.  Bjdrling  received  a 
grant  from  the  Vega  exploring  fund  and  the  proceeds  of  subscriptions, 
and  left  Stockholm  in  the  spring  of  1892. 

Alfred  BJiirling  was  born  in  1871,  and  always  cherished  an  ardent 
desire  to  make  discoveries  in  the  Arcti<;  regions.  In  order  to  pirepare 
himself  for  this  work,  he  wanderetl  through  extensive  tracts  of  the 
mountainous  region  of  northern  Scandinavia  during  1887  and  1888,  and 
he  was  the  first  to  ascend  the  peak  of  Kebnekaisse,  the  highest  moan- 
tain  in  Sweden.  In  the  summer  of  1890  he  accompanied  a  Swedish 
expedition  to  the  west  coast  of  Spitzbergan,  made  valuable  collections 
of  Arctic  plants,  and  assisted  in  the  tydrograpbical  and  topographical 
work.  In  the  following  year  BJorling  went  to  Greenland  in  one  of  the 
Danish  vessels,  and  from  Upernavik  he  made  a  voyage  with  Eskimos 
in  an  umiak  along  the  coast  of  Alelville  Bay  inshore,  as  far  northward 
as  the  Devil's  Thumb.     lie  returne^l  to  Sweden  in  the  autumn. 

Bjorling  was  only  '21  years  of  age  when  he  became  the  leader  of  the 
Ellesmerc  Land  esi>edition.  His  companion,  Evald  Oustaf  Kallstenius, 
was  born  iu  1868,  and  since  1886  he  had  been  a  student  of  zoology  at 
the  University  of  l.T|isala,  but  he  had  not  been  in  the  Arctic  regions 
before.  The  two  young  exjilorers  did  not  sutxeed  in  making  an  arrange- 
ment with  a  whaler  at  St.  Johns,  Newfoundland,  and,  after  much  diJH- 
culty,  Bjorling  bought  a  small  schooner  of  37  tons,  called  the  Ripple, 
for  $650.  lie  succeeded  in  persuading  three  men  to  form  a  crew,  with 
himself  and  his  companion.  A  Dane  named  Karl  Kuiin  entered  as 
skipper,  an  Entthshnian  named  Gilbert  Dunn  formed  the  crew,  and  the 
cook  was  a  North  Briton,  named  Herbert  Macdnnald.  Owing  to  the 
long  delay  iu  getting  the  Ripple  ready  for  sea,  Ottpe  Walsingham  was 
not  sighted  until  July  24,  and  on  the  28th  she  arrived  at  Godhavn, 
having  behaved  very  well  in  the  ice  of  DansStniit.  Bjorliog  purchased 
at  Uodhavn  a  fowling  piei^e  and  a  rifle  with  ammunition,  some  provi- 
sions and  clothes,  and  a  boat.  He  was  provided,  before  leaving  Stock- 
holm, with  scientific  instruments.     Ue  left  Godhavn  on  August  3. 

Some  anxiety  for  the  gallant  young  Swedes  began  to  be  felt  when 
Lienteoant  Peary  started  on  his  second  expedition  last  July,  and  he 
was  requested  to  obtain  information  respecting  their  proceedings,  and  if 
necessary  to  go  to  their  relief.  In  November,  1893,  the  whaler  Aurora 
rettuiied  from  Baffin  Bay  with  a  report  of  the  loss  of  the  Ripple.    On 
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June  17,  1893,  the  Aurora  was  in  the  uorth  water  of  Baffin  Bay,  and 
sighted  a  wreck  on  the  most  southeastern  of  tlie  Gary  Islands.  A  boat 
was  sent  on  shore,  and  the  schooner  Bipple  was  found  driven  on  the 
beach,  and  almost  buried  in  ice.  Not  far  Iroui  the  wreck  there  waa  a 
heap  of  stones  covering  the  dead  body  of  a  man,  probably  the  Dane, 
Karl  Kanu.  Cloae  by  there  was  a  large  cairti,  in  which  a  tin  jK>t  was 
found,  containing  open  letters  from  Bjiirliug,  It  appears  that  he 
reached  the  Gary  Islands  on  August  16,  1892,  so  that  the  voyage  from 
Oodhavn  occupied  a  fortnight,  and  he  crossed  Melville  Bay  in  a  single 
day.  On  the  following  day  the  Mipple  was  driven  on  shore  while  they 
were  engaged  in  taking  provisions  on  board  ttom  the  depot  of  8ir 
George  Nares,  apparently  with  the  intention  of  wintering  on  the  coast 
of  Ellesmere  Land.  Up  to  this  time  all  appears  to  have  gone  well,  but 
the  unforeseen  calamity  of  the  loss  of  their  vessel  must  have  destroyed 
all  their  anticipations  of  success.  They  were  obliged  to  remain  several 
weeks  at  the  Gary  Islands  owing  to  bad  weather;  but  eventually  Bjorl- 
ing  resolved  to  undertake  the  voyage  to  Cape  Clarence  or  Gape 
Faraday  on  the  western  side  of  Baffin  Bay,  in  an  open  boat,  buoyed 
with  the  hope  of  meeting  Eskimos.  In  his  letter  he  said  that  he  hoped 
a  whaler  would  visit  the  Cary  Islands  in  the  following  summer,  and 
that  he  would  consequeutly  try  to  return  with  Uis  people  by  July  1, 
1893.  He  added,  addressing  the  captain  of  the  supposed  whaler,  *'  1 
shall  be  very  much  obliged  to  you  if  you  would  go  to  Clarence  Head 
(50  miles  off),  where  I  shall  leave  in  a  cairn  information  relative  to  our 
fate  during  the  winter.  Our  provisions,  if  I  can  not  find  Eskimos,  will 
not  last  beyond  January  1.  We  &ve>  now  five  men,  of  whom  one  is 
dying."  The  date  is  October  12,  1892.  The  Aurora  found  thatCiar- 
ence  Head  could  not  be  approached  in  June  within  20  miles,  and  she 
made  no  further  attempt  to  comply  with  Bjorling's  request  later  in  the 


The  conduct  of  the  two  heroic  lads  was  admirable  throughout.  There 
was  the  usual  risk  and  danger  of  Arctic  work  iu  their  project,  but  no 
more,  before  they  lost  their  vessel.  Their  message  is  most  toaching. 
Mot  a  sign  of  fear,  not  a  word  of  complaint,  but  the  simple  words  of 
brave  men,  moat  pathetic  in  their  simplicity.  There  is  one  circumstance 
which  is  worthy  of  notice.  The  eastern  side  of  Baffin  Bay  is  within  20 
miles  of  the  Gary  Islands,  and  friendly  Eskimos  are  well  known  to  have 
settlements  there.  Yet  Bjorhug  and  Kallstenius  chose  to  go  in  an  open 
boat  to  tlie  northern  side,  which  is  50  miles  off,  and  where  the  presence 
of  Eskimos  was  uncertain.  There  can  only  be  one  reason.  The  west- 
ern side  was  Ellesmere  Land,  the  appointed  )>lace  of  their  work,  and 
even  iu  their  dire  extremity  they  resolved  to  go  whither  duty  pointed. 
It  was  not  foolbardiuess,  nor  thoughtless  enthusiasm,  but  a  sense  of 
duty,  which  ]>ointed  the  way.  One  of  the  most  experienced  of  our 
Arctic  officers  thus  wrote  on  the  subject:  "It  is  evident  that  BjiirliDg 
must  have  had  good  sterling  qualities,  to  induce  two  Euglisluneu  to 
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throw  in  their  lot  with  him.  As  they  could  have  left  him  at  tbe  DaDi«h 
settlemeQts,  it  would  appear  as  if  he  was  a  born  leader,  and  might  have 
become  a  great  man  if  he  had  had  patience  to  wait  nntil  be  had  gained 
experience.  However,  very  little  would  be  done  in  the  world  withont 
the  enthnsiasiii  of  youth.  Tbe  experieoce  of  age  oan  not  be  combined 
with  it,  80  that  tbe  latter  will  never  have  all  tbe  say.  Yet  a  good 
many  victims  is  tbe  result,  and  in  this  case  that  result  is  mncb  to  be 
deplored." 

When  the  news  brought  back  by  tbe  Aurora  reached  Sweden  there 
was  an  idea  of  a  relief  expedition.  But  in  the  end  of  1893  a  circu- 
lar from  Mr.  Robert  Stein,  who  is  connected  with  tbe  United  States 
(ieological  Survey  Office  at  Washington,  announced  his  scheme  for 
exploring  tbe  whole  polar  area,  and  for  reaching  the  pole  by  a  system 
of  gradual  approaches.  He  proiM>sed  to  establish  a  station,  to  serve  as 
a  permanent  base  of  operations,  at  Ca|>e  Tennyson,  on  the  northem 
shore  of  Jones  Sound.  Here  he  intended  to  place  fifteen  men  always 
provisioned  for  two  years.  Thence  be  would  push  forward  secondary 
stations  into  the  unknown  area,  each  with  flvemeu.  Mr.  Stein  intended 
to  form  the  first  station  in  Jones  Sound,  and  he  also  undertook  to  con- 
duct a  search  for  the  relief  of  the  missing  Swedish  explorers.  Baron 
Nordenskiold  promised  a  subscription  of  $:J,(><H>  in  consequence,  and 
tbe  importance  of  the  Stein  expedition  was  very  much  euhauced. 
Funds  were,  however,  much  needed.  I  therefore  made  an  appeal  for 
snbscriptions  in  the  Times,  on  April  7.  But  immediately  afterwards  I 
was  amazed  to  bear  that  Mr.  Stein  had  postponed  liis  expedition  for 
another  year. 

I  nevertheless  opened  a  '^BjorUng  relief  fund,"  and  subHcriptions 
were  receivetl  at  the  society's  rooms  with  the  object  of  assistiug  Bivrnn 
Nordenskjold  in  any  measures  he  might  adojtt  for  the  relief  of  his  gal- 
liuit  yonng  couiitrymeii.  At  oar  meeting  on  April  0  I  made  an  urgent 
appeal  to  tbe  fellows  for  subscriptions.  Several  came  forward,  includ- 
ing many  Arctic  officers,  who  arc  never  deaf  to  such  appeals,  and  I  am 
happy  to  say  that  1  have  been  enabled  to  forward  tbe  sum  of  £84  lOs. 
to  Baron  Nordenskjold  at  Stockholm.  But  the  abandonment  of  his 
design  by  Mr.  Stein  has  left  but  little  time  for  other  measurcH  to  l>e 
matured.  Mr.  Nilson  has  been  sent  out  in  the  wlnjler  Eclipse  from 
Dundee  in  the  hope  of  reaching  Clarence  Head;  and  Dr.  Ohiiii,  with 
the  same  object,  has  proceeded  to  St.  Johns,  Newfoundland,  whence  he 
is  to  go  to  BaGSn  Bay  in  June,  on  board  tbe  Falcon,  tbe  steamer  that 
is  to  bring  back  Peary's  party. 

These  arrangements  may  suffice  if  the  only  object  is  to  ascertain  the 
fate  of  the  lost  explorers,  but  if  their  relief  and  rescue  are  intended, 
it  is  necessary  to  dispatch  a  special  steamer  for  the  purpose.  A  vessel 
engaged  in  other  work,  such  as  whale  fishing  or  attendance  on  tbe 
Peary  expedition,  might  be  induced  to  touch  at  Clarence  Head,  but  she 
might  not  be  able  to  reach  the  shore  during  the  time  she  could  allow 
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for  tUat  object,  and  Hhe  could  not  wait  beyond  a  certain  time.  Bat  a 
vessel  sent  for  tbe  relief  service  aloAe  would  wait  for  opportanides,  aud 
make  a  tliorough  and  efficient  search.  It  tlierefore  becomes  necessary 
to  consider  whether  the  sad  daty  of  ascertaining  the  fate  of  those  gal- 
lant youths,  and  their  companions,  alone  remains;  or  whether  there  is 
any  hope  of  their  having  survived. 

If  Bjurliug  fell  in  with  a  party  of  friendly  Eskimos,  there  is  no  reason 
why  he  and  his  companions  should  not  have  survived  through  two 
winters,  if  animal  life  were  abundant  around  their  encampment.  Tbis, 
therefore,  is  the  question,  whether  there  is  a  reasonable  probability  of 
Eskimos  being  met  with  near  Clarence  Head.  Many  years  ago,  when 
I  was  serving  in  the  Arctic  regions,  it  was  assumed  that  tbe  western 
side  of  Baffin  Bay,  north  of  Lancaster  Sound,  was  uninhabited.  In 
1851  Sfaerard  Osborn  found  vestiges  of  Eskimos  lu  Jones  Sound,  and 
when  I  landed  near  Ca|>e  Warrender,  with  Sir  Erasmus  Ommanney,  in 
Che  previous  year,  I  came  upon  several  stone  graves.  It  was  snpposed 
that  these  remaius  were  very  ancient,  possibly  representing  the  origi- 
nal migration  of  the  people  now  settled  in  northern  Greenland.  But 
in  1853  Sir  Edward  Inglefield  found  a  party  of  Eskimos  in  the  very 
harbor  where  I  had  landed  in  1850,  proving  that,  though  wanderers 
had  left  their  vestiges  in  the  remote  past,  people  of  the  same  race  still 
frequented  the  region  in  question.  Their  remains  were  also  found  by 
the  expedition  of  Sir  George  Kares  on  the  western  side  of  Smith  Sound. 
Captain  Buddington,  who  commanded  the  Polaris  expedition  after 
HaJl's  death,  met  with  Eskimos  at  Port  Foulke  who  had  certainly 
wandered  round  the  whole  northwestern  side  of  Baffin  Bay  from  Lao- 
caster  Sound.  The  information  collected  by  Dr.  Franz  Boas  from  the 
Eskimos  in  Baffin  Land  is  more  detailed.  They  occasionally  cross 
Lancaster  Sound  from  Admiralty  Inlet  to  the  neighborhood  of  Cape 
Warrender,  but  not  often,  because  they  have  no  boats  or  canoes,  and 
tbe  sound  is  seldom  frozen  over.  On  reaching  the  coast  of  North 
Devon,  they  go  across  tbe  land  with  their  sledges,  and  in  four  days 
reach  the  coast  of  Jones  Sound,  at  a  place  where  a  long  narrow  prom- 
ontory juts  out  toward  Ellesmcre  Land  called  Nedlnng.  The  promon- 
tory becomes  an  island  at  high  tide,  and  there  is  a  channel  of  open 
water  throughout  tbe  winter.  In  the  spring  this  becomes  a  large 
open  space  clear  of  ice,  frequented  by  enormous  quantities  of  seals. 
Farther  north,  on  the  coast  of  Eltesmere  Land,  which  abounds  in  rein- 
deer and  mask  oxen,  there  was  another  small  colony  of  Eskimos. 
These  facts  are  certainly  encouraging.  Bjiirliug  would  not  have 
landed  at  Clarence  Head  until  the  middle  of  October,  which  is  against 
his  chances;  but  on  the  other  band,  he  would  not  then  be  more  than 
10  or  12  miles  from  the  Eskimos,  if  they  were  still  in  EUesmere  Land. 

On  the  whole  there  is  ground  for  hope;  aud  it  is  discreditable  to 
abandon  the  unfortunate  explorers  to  their  fate.  The  two  Swedish 
lads  are  the  stuff  of  which  heroes  are  made,  aud  every  civilized  people 
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must  be  interested  ia  their  resone.  British  subjects  are  with  them, 
whom  we  are  bound  to  befriend.  Most  certainly  a  special  steamer  ought 
to  he  dispatclied  for  their  relief.  But  the  time  is  very  short.  Hundreds 
would  gladly  subscribe  their  mites,  and  tlie  funds  could  have  been 
raised  if  there  had  been  a  year  or  so  to  collect  it  in.  Bat  there  is 
barely  a  mouth.  The  only  hope  was  that  a  few  very  rich  people  might 
be  induced  t«  come  forward  and  save  the  credit  of  their  country.  I 
felt  very  strongly  that  a  vessel  ought  to  be  dispatched,  and  £  therefore 
made  every  efi'ort,  and  left  no  stone  unturned  to  obtain  the  necessary 
funds.  Bat  I  am  sorry  to  say  that  I  was  not  successful.  Our  sole  hope 
is  now  in  the  efforts  of  Mr.  Kilson  on  board  the  whaler  Eclipse,  and  of 
those  in  the  Falcon,  The  FoIcmi  will  sail  from  St.  Johns  early  in  July, 
nnder  the  command  of  Mr.  Henry  G.  Bryant,  the  recording  secretary 
of  the  Geographical  Club  of  Philadelphia.  It  is  hoped  that  Peary's 
headquarters  at  Bowdoin  Bay  will  be  reached  by  July  25,  but  as  Peary 
and  his  inland  party  will  not  then  have  returned,  the  Falcon  will  have 
about  a  month  to  sp&e  for  an  independent  cruise,  before  embarking 
the  Peary  expedition  in  the  first  days  of  September.  In  a  letter  I  have 
just  received  from  Mr.  Bryant  he  assures  me  that  he  takes  a  deep  inter- 
est in  the  fate  of  the  young  Swedes,  and  his  plan  inclades  a  landing  at 
Clarence  Head  and  other  points,  and  a  search  for  records  left  by  Bjorl- 
ing  and  KallsteniuB.  Mr.  Bryant  also  contemplates  the  exploration  of 
thecbaoDel  lea<ling  west  from  Jonea  Bound.  I  have  only  just  received 
these  particulars  from  Mr.  Bryant,  which  place  the  chances  of  relief  for 
the  missing  explorers  in  a  brighter  light.  I  heartily  wish  all  possible 
success  to  the  Peary  auxiliary  expedition  and  its  gallant  leader.  Dr. 
F.  A.  Cooke,  who  was  with  Peary  in  1891-92,  proiwses  to  go  up  Baffin 
Bay  with  a  party  of  excursionists  on  board  the  steamer  Newfoundland, 
owned  and  commanded  by  Capt.  J.  A.  Farquhar,  leaving  New  York  on 
June  26,  and  intending  to  return  on  September  10.  Perhaps  Captain 
Farquhar  may  be  iuclueed  to  visit  Clarence  Head, 

I  must  take  this  opportunity  of  expressing  my  thanks  to  Mr.  Trevor- 
Battyefor  his  enthusiastic  eflbrts  to  promote  the  dispatch  of  a  relief 
vessel;  as  well  as  to  Captain  Haserick  and  to  Mr.  William  Pine  Coffin, 
who  both  felt  deeply  the  shame  of  leaving  the  gallant  explorers  to  their 
fate,  and  were  ready  to  help,  and  did  help,  with  the  utmost  zeal  and 
ardor  in  so  good  a  cause.  Mr.  Trevor-Battye,  failing  the  relief  exi>edi- 
tion,  is  about  to  start  in  the  steamer  Saxon,  of  150  tons,  in  company  with 
Mr.  Meryyn  Powys,  to  make  a  thorough  ornithological  as  well  as  geo- 
graphical examination  of  the  little-kuown  Kolguev  Island,  I  believe 
under  Lord  LUford's  auspices.  Mr,  Trevor-Battye  has  studied  nnder 
Mr,  Coles,  and  the  council  has  granted  him  the  loan  of  instruments 
necessary  for  navigation.  To  my  mind  Mr.  Trevor-Battyo  is  cut  out 
for  a  successful  explorer.  Ahunter  of  elk  on  ski  in  Sweden,  of  moose 
and  wapiti  in  the  Kockies,  a  salmon  fiHherman  iu  the  Far  West,  of  pow- 
wfol  physique  and  great  powers  of  endurancSj  he  is  also  a  naturalist, 
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an  artist,  aud  au  accomplished  author.  It  is  to  the  trainiog  and  encou^ 
agemeut  of  such  uieu  that  the  society  must  look,  if  we  are  to  have  great 
travelers  in  the  future  to  advance  our  science  aud  to  do  hooor  to  our 
coubtry. 

Circumstauces  have  obliged  us  to  pay  very  special  attention  to  Arctic 
questions  in  the  i)a8t  yeai-;  ^ut  the  great  meeting  which  assembled  to 
hear  Dr.  Murray's  paper,  on  the  2Tth  of  last  November,  is  our  witness 
that  the  Autan'tic  regions  have  not  been  forgotten.  All  the  scientific 
societies  iu  the  United  Kiugdom  and  on  the  Continent  are  now  of  one 
mind  as  to  the  imi>ortaucc  of  Antarctic  exploration,  and  they  are  con- 
vinced that  it  must  be  a  Goverument  undertaking.  It  is  half  a  century 
since  Sir  James  Koss  returned,  and  the  time  has  come  for  renewing  the 
work  which  he  commenced  so  admirably.  The  arguments  of  Dr.  Murray 
must  have  brought  conviction  to  the  minds  of  all  who  had  not  previously 
studied  the  subject  An  expedition  is  necessary  for  magnetic  observa- 
tions alone,  l^rofessor  Neuniayer  wrote  to  Dr.  Murray  that  "  it  is  certain 
that  vithout  an  examination  aud  a  survey  of  theiuagnetic  properties  of 
the  Antarctic  regions,  it  is  utterly  hopeless  to  strive,  with  prospects  of 
success,  at  the  advancement  of  the  theory  of  the  earth^s  maguetism." 
Dr.  Murray  thus  summed  up  the  work  of  a  modern  Antarctic  expedition: 
"To  determine  the  nature  and  extent  of  the  Antarctic  continent,  to  pene- 
trate into  the  interior,  to  ascertain  the  depth  aud  nature  of  the  icecap, 
to  observe  the  character  of  the  underlying  rocks  aud  their  fossils,  to 
take  magnetic  and  meteorological  observations  both  at  sea  and  on  land, 
to  observe  the  temperature  of  the  ocean  at  all  depths  and  seasons  of  the 
year,  to  take  pendulum  observations  on  land,  to  bore  through  the 
deposits  on  the  door  of  the  ocean  at  certain  points  to  ascertain  the  con- 
ditiou  of  the  deeper  layi.>rs,  and  to  sound,  trawl,  dredge,  and  stndy  the 
character  and  distribution  of  marine  organisms."  AU  these  observations 
are  earnestly  demanded  by  the  science  of  our  day  for  many  porposes. 
Science  demands  a  steady,  continuous,  laborious,  aud  systematic  explora- 
tion of  the  whole  southern  region  with  all  the  appliances  of  the  uodero 
investigator. 

Enlightened  by  the  exhaustive  and  most  interesting  |)ai)er  of  Dr. 
Murray,  aud  encouraged  alike  by  his  enthusiasm  and  by  the  sound 
sense  of  his  remarks  in  favor  of  the  renewal  of  Antarctic  exploration, 
our  council  api>ointed  a  committee  with  instructions  to  report  upon  the 
best  means  of  achieving  the  objects  set  forth  by  Dr.  Murray.  Our 
Antarctic  committee  consisted  of  Sir  Joseph  Hooker,  one  of  the  two 
survivors  of  Sir  James  Ross's  exi>editiou ;  of  Sir  George  Nares,  the 
only  hving  naval  captain  who  has  navigated  the  Antarctic  Ocean;  of 
Captain  Wharton,  the  hydrographer;  of  Admiral  Sir  Erasmus  Omman- 
uey,  who  has  long  been  a  warm  advocate  of  such  an  enterprise;  of 
Admiral  Sir  K.  Vesey  Hamilton,  one  of  our  best  Arctic  authorities,  who 
4S  also  written  on  the  subject  of  Antarctic  navigation  6f  Dr.  Morraf 
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The  committee  in  ita  report  cnnmerate^l  tbe  scientific  resnlte  of 
Aiitarctic  research,  eapecitilly  ilwelliiig  on  tbc  iiecesaity  for  an  accurate 
study  of  terrestrial  magnetism.  Tbe  experleuces  of  e^irly  uavigatorB 
in  approaching  tbe  pack  edge  are  then  reviewed,  and  it  is  sliown  that 
Sir  James  Boss  aloue  boldly  entered  it,  with  a  view  to  passing  through 
it,  on  two  occasions, vith  success.  In  January,  1841,  he  forced  hit*  way 
through  it  in  four  days,  reaching  an  open  sea,  discovering  Victoria 
Land,  and  penetrating  to  the  seventy-eighth  parallel.  On  the  second 
occasion  he  entered  a  pack  several  hundreds  of  miles  in  widtb,  and  be 
was  forty-two  days  getting  through,  but  he  again  suct^eeded.  In  1843, 
on  his  third  attempt,  it  was  too  late  in  the  season  when  be  entered  tbe 
pack,  and  tbe  young  ice  was  forming  ra[>idly.  If  it  had  been  Decem- 
ber instead  of  March  he  might  have  efTected  more.  Tbe  committee 
then  contrasts  the  conditions  of  navigation  in  the  Arctic  and  Antarctic 
regions.  In  the  north  there  are  fields  of  ice  of  vast  extent,  often  fixed 
for  mouths  in  one  place  by  intricate  channels.  The  danger  of  long 
detention,  arising  from  being  beset  in  such  ice,  is  not  so  serious  in  tbe 
Antarctic  regions.  But  there  are  other  dangers  which  are  equally  for- 
midable. In  gales  of  wind  and  in  fogs,  and  even  in  calms,  sailing  ves- 
sels are  in  much  danger,  when  involved  in  tbe  pack,  from  tbe  swell 
cansetl  by  heavy  gales,  and  when  it  is  impossible  to  avoid  collisions 
with  hage  mo-sses  of  ice.     On  such  occasions  a  sailing  vessel  is  helpless. 

But  as  screw  ste;imers  would,  of  course,  be  employed  on  any  new 
Antarctic  expedition,  tbeso  daugeit)  would  be  very  much  reduced  and 
a  great  saving  of  time  would  be  cfiTected.  Calms  occur,  and  there  are 
often  adverse  winds  when  there  is  clear  weather.  At  such  times  sail- 
ing vessels  would  be  beating  up  20  miles  while  a  steamer  might  make 
100.  With  steam  it  might  be  possible  to  do  in  one  season  all  that 
which,  in  the  cases  of  Wilkes  and  Boss,  occupied  three.  A  steamer 
would  he  in  little  danger  from  bergs  except  in  fogs,  and  in  heavy  gales 
she  could  lie  to  in  safety  under  their  lee,  instead  of  dritYing  at  tbe 
mercy  of  wind  and  waves.  She  wouhl  also  be  better  able  than  a  sailing 
vessel  to  double  the  pack.  Tbe  weak  point  of  a  steamer  in  the  pack 
would  be  during  a  gale  of  wind.  She  might  avoid  collision  with  the 
ice  better  than  a  sailing  vessel,  but  not  altogether.  But  specially 
adapted  screw  steamers  would  no  doubt  facilitate  Antarctic  naviga- 
tion, and  remove  many  of  the  didiculties  which  bad  t«  be  encountered 
by  sailing  vessels. 

Having  fully  considered  the  exigencies  of  Antarctic  navigation,  the 
committed  recommend  that  the  cxjiedition  should  consist  of  two  vessels 
as  well  strengthened  against  the  ice  as  were  the  Erebus  and  Tei-ror, 
fitted  with  steam  power,  and  specially  protected  aft.  It  is  indispensa- 
ble that  officers  and  crews  should  be  under  naval  discipline,  and  a  full 
commission  of  three  years  would  be  necessary  for  the  performance  of 
the  work.  Apart  from  the  valuable  scientific  results  of  an  Antarctic 
ezitedilioo,  the  committee  dwell  U{>ou  the  excellent  effect  that  all  such 

SM  W 22  t^-  I 

n,g>-ndtyC00glC 


338       PROMOTION  OP  ARCTIC  AND  ANTARCTIC  DISCOVERT. 

undertakings,  in  which  our  country  has  been  promiDent,  have  invari- 
ably had  on  the  uavy,  by  maintaining  the  Bpirit  of  enterprise. 

Having  been  adopted  by  our  council,  the  report  of  our  Antarctic 
committee,  together  with  Dr.  Murray's  paper,  was  transmitted  to  the 
Royal  Society,  with  an  urgent  request  that  tbnt  learned  body  would 
take  the  subject  of  the  renewal  of  Antarctic  discovery  into  serious 
consideration,  with  a  view  to  its  being  brought  before  Her  Majesty's 
Government  in  a  memorial  presented  by  the  Koyal  Society,  with  the 
cordial  assent  of  every  scientific  body  in  the  United  Kingdom.  I 
understand  that  a  committee  has  been  appointed  by  the  couitoil  of  the 
Koyal  Society,  and  that  the  important  question  is  receiving  mature 
and  careful  consideration.  The  fellows  may  rest  assured  that  no  eSbrts 
on  the  part  of  our  council  will  be  wanting,  and  that  the  duty  of  pro- 
QKtting  the  renewal  of  Antarctic  exploration  will  be  borne  in  mind. 
If  men  of  science  are  unanimous,  both  as  to  the  importance  of  the 
work  and  the  best  method  of  executing  it,  and  if  they  are  backed  by 
enlightened  public  opinion,  the  Admiralty  will  be  only  too  glad  to  take 
the  subject  into  favorable  consideration,  and  diffleulties  raised  by  the 
treasury  will  be  overcome.  But  unanimity  and  the  support  of  public 
opinion  are  absolutely  essential  to  success. 

I  have  devoted  the  body  of  my  address  to  work  within  the  polar 
regions.  I  will  not,  however,  omit  to  refer  to  the  labors  of  others  in 
regions  which,  through  their  exertions,  may  become  the  main  subjects 
of  future  addresses.  You  have  recently  heard  an  account  of  the  results 
of  the  journey  of  Mr.  and  Mrs.  Littledale,  which  are  in  mauy  respects 
remarkable.  It  was  a  very  hazardous  adventure;  it  covered  several 
hundreds  of  miles  of  entirely  new  ground,  and  very  careful  observa- 
tions were  taken  all  along  the  route,  which  have  been  embodied  in  a 
valuable  map.  The  additions  ma^le  by  Mr.  Littledale  to  our  knowledge 
of  the  famous  route  to  China  followed  by  Marco  Polo  are  of  the  first 
imjiortance. 

Of  DO  less  interest  is  the  journey  into  the  Hndramaut  Valley  accom- 
plished by  Mr.  and  Mrs.  Bent,  an  account  of  which  was  preaented  to  us 
a  week  ago.  They  were  accompanied  by  an  excellent  surveyor,  deputed 
by  the  government  of  India,  and  by  a  botanist  from  Kew,  while  their 
own  arcliicologicikl  notes,  photographs,  and  sketches  are  of  exceptional 
value.  These  experienced  travelers  were  so  interested  in  the  strange 
and  almost  unknown  country  of  Hadramaut  that  they  hope  to  return 
to  continue  their  explorations  in  Arabia. 

In  Africa  there  has  been,  and  continues  to  be,  abundant  activity,  as 
the  monthly  pages  of  our  journal  have  shown.  We  have  already  heard 
a  very  full  account  of  Dr.  Gregory's  expedition  to  Mount  Kenia,  and 
we  hope  shortly  to  have  full  details  of  the  expedition  into  new  country 
north  of  the  Tana  Biver,  led  by  Mr.  Astor  Chanler,  accompanied  by 
Lieutenant  von  Iliihniel.  Mr.  Scott  Elliot  is  'actually  exploring  the 
Buwenzori  region,  and  we  have  helped  to  equip  other  young  AfHcan 
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travelers  wbo  hope  to  open  up  new  ground.  Mr.  Coryndou,  a  friend  of 
Mr.  Selona,  has  already  started  for  the  country  lying  between  the  west 
Bhore  of  Lake  Tanganyika  and  the  Kongo,  where  he  will  remain  for  at 
least  a  year.  Dr.  Denaldsoa  Smith,  a  yoaug  American  gentleman, 
leaves  in  a  few  days  for  Somali  Land,  whence  he  will  push  southward 
to  Lake  Rudolf,  thus  connecting  the  discoveries  of  Count  Teleki  with 
those  that  have  been  made  farther  north. 

How  valuable  a  service  is  being  performed  by  our  indefatigable  map 
curator,  Mr.  Coles,  in  giving  instruction  to  intending  explorers,  is 
shown  by  the  work  that  has  been  done  by  bis  pupils  within  the  last 
two  years.  In  Africa  Major  Leversou  and  Mr.  F.  A.  Lamb  have  done 
surveying  work  on  the  Anglo-Oerman  boundary  commission,  Dr.  J.  W. 
Gregory  has  surveyed  and  mapped  the  Mount  Kenia  region,  Mr.  Teed 
is  now  surveying  in  the  territory  of  the  Royal  Niger  Company,  Captain 
Qallwey  has  been  at  work  in  the  Oil  Rivers  Protectorate.  Lieut.  8. 
Vandelenr,  of  the  Scots  Guards,  has  made  an  exceedingly  well-executed 
route  survey  in  Somali  Land,  checked  by  observations  for  latitude.  Mr. 
G.  F.  Scott  Elliot  is  at  work  in  the  Ruwenzori  region.  In  Asia  Mr. 
Conway  has  made  surreys  and  a  map  of  the  Karakoram  glaciers,  and 
Mr.  Littledale  has  done  valuable  work  in  central  Asia  and  on  the  Iloang- 
Ho.  In  America  Mr.  C.  W.  Anderson  has  been  working  in  Briti:ih 
Guiana,  and  our  traveling  students,  Mr.  Q.  B.  Grundy  and  Mr.  Cozens 
Hardy,  have  surveyed,  one  the  battlefield  of  Flatsa,  the  other  a  part 
of  Montenegro. 

I  must  not  omit  to  refer  to  the  admirable  work  accomplished  by  our 
librarian,  Dr.  Mill,  in  the  survey  of  the  English  lakes,  in  which  he  has 
opened  up  a  hitherto  unknown  part  of  our  country,  although  a  part 
which  is  under  water.  At  one  of  onr  meetings  in  June  Dr.  Mill  will 
explain  to  as  some  of  the  more  interesting  results  of  his  limuological 
investigations. 

On  several  occasions  during  the  session  I  have  regretted  the  absence 
of  my  illnstrious  predecessor,  Sir  Henry  Rawltnson,  on  whom  the  mau- 
tle  of  Sir  Roderick  fell  in  1871.  I  especially  missed  him  on  the  occa- 
sion of  Colonel  Sawyer's  paper  on  the  Bakhtiari  country  being  read ; 
and,  indeed,  I  had  a  faint  hope  that  he  might  once  more  appear 
among  as  on  that  occasion,  to  brighten  the  discussion  by  his  profound 
knowledge  and  unrivaled  powers  of  exposition.  Sir  Henry  was  one  of 
the  best  of  our  presidents  f^om  every  point  of  view,  and  I  do  not  kuow 
his  equal  iu  giving  life  to  an  apparently  dull  subject,  and  in  awakening 
an  interest  in  geographical  details  by  enriching  them  from  the  abun- 
dant stores  of  his  historical  memory.  I  shall  never  forget  the  rapt 
attention  with  which  the  audience  listened  to  his  account  of  the  route 
taken  by  the  gypstea  on  their  way  toward  Europe  from  the  valley  of 
the  Indus.  He  is  unrivaled  in  showing  the  dependence  of  history  on  a 
knowledge  of  geography,  and  though  he  is  often  missed  6y  those  who 
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remember  tbe  time  wben  he  presided  bere,  be  can  never  be  replaced. 
I  still  indulge  the  hope  of  seeing  him  amoug  us  before  tbe  session  is  over. 

In  conclusion,  it  is  my  dnty  to  aaoonnce  tbe  retirement  of  Hr.  Doog- 
las  Freahfleld  fhini  the  post  of  secretary,  and  that  he  has  declined  to 
allow  himself  to  bo  put  in  nomination  as  a  member  of  tbe  new  council. 
Mr.  Freshfield  was  my  colleague  from  18S1  to  1888,  and  for  the  last  six 
years  be  has  been  senior  secretary  of  the  society.  A  renowned  climber 
and  Alpine  explorer,  he  now  holds  the  honorable  post  of  president  of 
the  Alpine  Club.  But  be  \s  not  a  mere  climber.  He  is  well  versed  in 
tbe  historical  literature  of  the  Alps,  as  is  shown  by  his  papers  on  the 
Alpine  notes  of  Leonardo  da  Vinci  in  1884,  and  on  the  pass  of  Hanni- 
bal in  1886.  He  was  also  the  author  of  sicetches  in  the  mountains  of 
Ticino.  Having  exhausted  the  Alps,  Mr.  Freshfield  turned  to  the  Cau- 
casus, and  our  Proceedings  have  been  enriched  by  four  of  hia  papers 
describing  with  a  master  hand  the  physical  aspects  of  that  little-known 
range,  and  bis  own  well-planned  and  successful  ascents.  He  also  pub- 
lished a  work  oa  Ceatral  Oaucusus  and  Bashau.  Hr.  Freshfield  gave  up 
mucbof  his  timeto  the  society,  and  was  indefatigable  in  his  supervision 
of  tbe  work  of  the  departments,  and  initiated  our  large  and  valnablecoN 
lection  of  photographs.  He  introduced  the  use  of  photographic  slides 
at  our  evening  meetings.  He  took  a  special  interest  in  educational 
questions,  and  the  society's  arrangements  with  the  universities  of 
Oxford  and  Cambridge  owe<1  much  to  his  active  and  zealous  aid.  He 
read  a  paiier  of  great  importance  at  tbe  British  Association  meeting 
of  1866,  on  "  Tbe  place  of  geography  ia  education."  In  that  paper  be 
truly  remarked  that  much  of  tbe  literature  of  physical  scien<-e  was  ren- 
dered unreadable  by  tbe  absence  of  the  art  of  letters  in  its  producers. 
The  classics,  be  added,  are  the  authors  and  models  of  the  act  of  clear 
and  condensed  expression  for  European  literature.  And  this  reminds 
me  that  one  of  Mr.  Freshfleld's  highest  qnalilications  for  the  post  of 
our  secretary  was  that  he  was  a  classical  scholar.  How  often  have  I 
deplored  the  loss  of  this  qualification  through  having  gone  to  sea  so 
young!  Mr.  FresliUeld  conducted  a  good  deal  of  correspoudcuce,  both 
private  and  oflBcial,  the  results  of  which  were  very  conducive  to  the 
best  interests  of  tbe  society.  As  an  example,  1  may  mention  his  letters 
to  tbe  India  office,  to  which  were  due  the  establishment  of  an  excellent 
understanding  with  tbe  departments  in  India,  and  to  our  beinj;  regu- 
larly supplied  with  geographical  inlbrmation  which  was  previously 
withheld.  He  was  joiut  editor  of  the  three  latest  editions  of  Hints  to 
Travellers,  taking  the  subject  of  outfit  as  bis  own  part  of  tbe  work. 
For  these  varied  and  important  services  the  warm  thanks  of  our  coun- 
cil and  of  the  society  are  justly  due  to  Mr.  Freshfield.  Although  he 
retires,  by  his  own  desire,  from  any  further  official  connection  with  the 
society,  be  will,  I  am  sure,  coutiuuc  to  take  a  warm  interest  in  our  pro- 

edings,  and  to  be  an  active  and  zealous,  though  independent,  member 
our  body. 
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'We  hnvc  liiw]  Iieavy  losses  tbis  year  from  the  deaths  of  distiugaisUed 
fellows,  whose  obituaries  have  appeared  in  the  oumbers  of  onr  Jouru^, 
Among  them  were  several  dear  frieuds  of  my  own,  and  I  cao  uot  help 
meDtiouiiig  how  deeply  we  have  all  felt  the  loss  of  our  late  foreign 
secretary,  Geo.  Sir  Beanchamp  Walker. 

I  have  to  thank  Captain  Wharton,  the  hydrographer,  for  the  account 
which  follows  of  the  work  that  has  been  done  during  the  year  by  our 
naval  marine  surveyor,  to  whose  hard  work  navigation  and  geography 
owe  80  much;  au<l  Mr.  C.  E.  1).  Black  for  bis  abstract  of  the  work  of 
the  Indian  surveys  daring  the  past  year. 

The  magnificent  work  prepared  by  a  commission,  under  the  auspices 
of  the  Italian  Government,  as  Italy's  contribution  toward  the  celebra- 
tion of  the  fourth  cenCeuary  of  Oolumbns,  has  just  reached  me.  Id  the 
name  of  the  fellows  of  this  society,  I  have  warmly  congratulated  our 
brother  geographers  in  Italy  on  its  appearance.  A  review  of  the  great 
Colombian  work  follows  this  address. 
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THE  PHYSICAL  CONDITION  OF  THE  OCEAN.' 


By  Capt.  W,  J.  L.  WHAKTo«i  R.  N.,  F.  It.  S. 


Yon  will  not  be  sorprised  if,  having  called  upon  an  bydrograpber  to 
preside  over  tbia  section,  he  takes  for  tlie  subject  of  bis  review  tbe  sea. 
Less  appareDtly  interestiug,  by  reason  of  tbe  uniformity  of  its  surface, 
tban  tbe  land  wbioh  raises  itself  above  the  level  of  the  waters,  and 
viOi  which  the  term  geography  is  more  generally  associated,  the  ocean 
has,  uevertbelesB,  received  maoh  attention  of  later  years.  In  Great 
Britain,  especially,  which  has  so  long  rested  its  position  among  the 
nations  upon  the  wealth  which  our  merchant  fleeta  bring  to  its  shores, 
and  upon  tbe  facilities  which  the  sea  affords  for  communication  with 
onr  nninerons  possessions  all  over  tlie  globe,  investigation  into  tbe 
mysteries,  whether  of  its  ever-moving  surface  or  of  its  more  hidden 
depths,  has  been  particularly  foscinating.  I  purpose,  therefore,  to 
attempt  a  brief  survey  of  our  present  knowledge  of  its  physical 
condition. 

The  very  bulk  of  the  ocean,  as  compared  with  that  of  tbe  visible  land, 
gives  it  an  importance  which  is  possessed  by  no  other  feature  on  the 
Buriiiwe  of  our  planet.  Hr.  John  Murray,  after  a  laborious  computation, 
has  shown  that  its  cubical  extent  is  probably  alwut  fourteen  times  that 
of  the  dry  land.  This  statement  appeals  strongly  to  the  imagination, 
and  forms,  perhaps,  the  most  powerful  argument  in  favor  of  the  view, 
steadily  gaining  ground,  that  tbe  great  oceans  have  in  the  main  existed 
in  the  form  in  which  we  now  see  them  since  the  constituents  of  the 
earth  settled  down  into  their  present  condition. 

When  it  is  considered  that  tbe  whole  of  tbe  dry  land  would  only  fill 
np  one  third  of  tbe  Atlantic  Ocean,  tbe  enormous  disproportion  of  the 
two  great  divisions  of  laud  and  sea  becomes  very  apparent. 

Tbe  most  obvious  phenomenon  of  tbe  ocean  is  the  constant  horizontal 
movement  of  its  surface  waters,  which  in  many  parts  take  well-defined  - 
directions.    These  great  ocean  currents  have  now  been  studied  for 
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many  years,  and  oar  knowledge  of  tfaem  is  approacbing  a  point  beyond 
wliich  it  is  doubtftal  whether  we  shall  ever  mnch  advance,  except  in 
small  details.  For  thoagli,  while  indisputably  the  waters  cootinnally 
move  in  each  great  area  in  generally  the  8amo  direction,  the  velocities 
vary,  the  limits  of  the  different  streams  and  drifts  vary,  mainly  from 
the  ever-varying  force  and  direction  of  the  winds. 

After  long  hesitation  and  moch  argument,  I  think  it  may  be  now 
safely  held  that  tlie  prime  motor  of  the  surface  currents  is  the  wind. 
Not,  by  any  means,  the  wind  that  may  blow,  and  even  persistently  blow, 
over  the  portion  of  water  that  is  moving,  more  or  less  rapidly,  in  any 
direction,  but  the  great  winds  which  blow  generally  (h)m  the  same 
general  quarter  over  va.st  areas.  These,  combined  with  deflection  ft-oni 
the  land,  settle  the  main  surface  circulation. 

I  do  not  know  if  any  of  my  hearers  may  have  seen  a  very  remark- 
able model,  devised  by  Mr.  Glayden,  in  which  water  disposed  over  an 
area  shaped  like  the  Atlantic,  and  sprinkled  over  with  lycopodium  dust 
to  make  movementapparent,  was  subjected  to  air  impelled  f^m  various 
nozzels,  representing  the  mean  directions  of  the  permanent  winds.  It 
dispelled  the  last  doubt  I  held  on  the  subject,  as  not  only  were  the 
main  currents  reproduced,  but  the  smaller  effects  and  peculiarities  of 
the  Atlantic  drifts  were  produced  with  surprising  accuracy. 

There  is  a  small  current,  long  shown  on  our  charts,  but  which  I  had 
always  regarded  with  suspicion.  I  refer  to  the  stream  which,  after 
traveling  f^om  the  Arctic  Ocean  southward  along  the  east  coast  of 
Greenland,  tarns  sharply  round  Cape  Farewell  to  the  northward  into 
Davis  Straits,  where  it  again  doubles  sharply  on  itself  to  the  south- 
ward. This  is  exhibited  in  the  model  in  all  its  details,  and  isevidently 
caused  by  the  pressure  of  the  water  forced  by  the  mimic  Galf  Stream 
into  the  Arctic  region,  where  it  has  no  escape  except  by  this  route,  and 
is  pressed  against  the  land,  round  which  it  turns  as  soon  as  it  cao. 
This  is,  no  doubt,  the  explanation  of  the  real  current.  The  very 
remarkable  winter  equatorial  current,  which  runs  iu  a  narrow  belt  east- 
ward, just  north  of  the  main  stream  traveling  west,  wa-s  also  reproduced 
with  extraordinary  fidelity.  The  winds,  however,  that  are  ordinarily 
considered  permanent  vary  greatly,  while  in  the  monsoon  areas  the 
reversal  of  the  currents  caused  by  the  opposite  winds  exercise  a  great 
influence  on  the  movements  of  the  water  far  beyond  their  own  limits, 
and  anything  like  a  prediction  of  the  precise  direction  and  rate  of  an 
oceanic  stream  can  never  be  expected.  The  main  facts,  however,  of 
the  great  currents  can  be  most  certainly  and  simply  explained  in  this 
manner.  The  trade  wind»  are  the  prime  motors.  They  cause  a  surface 
drift  of  no  great  velocity  over  large  areas  in  the  same  general  direction 
as  that  in  which  they  blow.  These  drifts  after  meeting  and  combining 
■■heir  forces  eventually  impinge  on  the  land.  They  are  diverted  and 
mcentrafetl  and  increase  in  speed.    They  either  pour  through  pas- 

'^ges  between  islands,  as  into  the  Caribbean  Sea,  are  pressed  up  by 
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the  land,  and  escape  by  the  only  ontlets  possible — as,  for  example,  the 
Strait  of  Florida,  and  form  a  great  ocean  carrent  like  the  Golf  Steam — 
or,  as  in  tbecaseof  the  Agulhascnrrent  and  the  powerful  stream  whioh 
THUS  north  along  the  Zanzibar  coast,  they  are  simply  pressed  up  against 
and  diverted  b;  the  land,  and  ran  along  it  with  increaseil  rapidity. 
These  rapid  cnrrentd  are  eventually  apparently  lost  in  the  oceans,  bnt 
they  in  their  turn  originate  movements  of  a  slower  character,  which  on 
again  passing  over  shallow  wat«r  or  on  meeting  land  develop  once  more 
into  well-defined  cnrreats. 

We  flud  an  analogous  state  of  things  on  the  western  side  of  the  Pa- 
cific, where  the  Japan  current  is  prodaced  in  a  similar  manner.  The  fact 
that  on  all  western  shores  of  the  great  oceans  toward  which  the  trade 
winds  blow  we  find  the  strongest  currents  running  along  the  coast,  is 
almost  enough  of  itself  to  prove  the  connection  between  tbem. 

The  westerly  winds  that  prevail  in  higher  northern  and  southern  lati- 
tades  are  next  in  order  in  producing  great  currents.  From  the  shape 
of  the  land  they  in  some  cases  take  np  and  continue  the  circulation 
commenced  by  the  trade  winds;  in  others  they  themselves  originate 
great  movements  of  the  water.  Compared  to  the  great  circulation  from 
this  sonrce  the  effect  of  differences  of  temperature  or  of  specific  grav- 
ity is  insignificant,  though  no  doubt  they  play  their  part,  especially  in 
causing  slow  under  circulation,  and  in  a  great  degree  the  vertical  mix- 
ing of  the  lower  waters.  'So  drop  of  the  ocean,  even  at  its  greatest 
depth,  is  ever  for  one  moment  at  rest. 

Dealing  with  minor  points,  the  American  officers  of  the  Coast  and 
Geodetic  Survey  have  found  after  long  and  patient  investigation  that 
the  velocity  of  the  Oulf  Stream  in  its  initial  and  most  marked  part,  the 
Strait  of  Florida,  is  greatly  affected  by  the  tide,  varying  as  much  as 
one-half  its  maximum  rate  during  the  twenty-four  hours.  These  Amer- 
ican investigations  are  of  greatest  interest.  They  have  extended  over 
the  whole  area  of  the  Caribbean  Sea  and  its  approaches,  the  Gulf  of 
Mexico,  and  the  Gulf  Stream  proper  and  its  vicinity.  In  no  other  part 
of  the  ocean  has  observation  of  this  detailed  character  been  carried 
ont,  and  they  throw  a  great  light  on  oceanic  circulation.  The  Blake, 
the  vessel  specially  fitted  for  the  purpose,  has  during  the  several  years 
in  which  she  was  employed  on  this  work  anchored  in  over  2,000  fathoms 
water,  or  a  depth  of  considerably  more  than  Smiles,  a  feat  which  would 
a  short  time  ago  have  been  deemed  impossible.  One  great  point  that 
has  come  out  very  strongly  is  the  continual  variation  in  the  strength 
and  direction  of  the  currents  and  the  var3ing  depths  to  which  the  sur- 
face current  extends. 

Eastward  of  the  chain  of  the  Windward  Islands  the  general  depth 
of  the  surface  movement  may  be  said  to  he  about  100  fathoms,  below 
which  tidal  infiuence  is  very  distinct.  There  is  also  a  very  plain  back- 
ward flow  of  water,  at  depths  which  vary,  caused  by  the  submarin'' 
ridge  which  connects  the  Windward  chain  of  the  West  Indian  Island 
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These  observiitioD»  hIso  f^eiierally  sapport  wbat  1  bave  already  meo- 
tioued :  that  tlie  velocity  of  u  current  dependa  on  the  streogth  of  winds, 
poasibly  tbouaanda  of  miles  distant,  whicb  bave  given  the  origrinal 
impctuB  to  the  water,  and  this,  combined  with  tidal  action  when  tbe 
current  approaches  or  runs  along  a  coast,  will  always  cause  uncertainty 
on  the  resultant  velocity. 

Dealing  for  yet  another  moment  with  the  Gulf  Streao-,  there  are  two 
points  which  have  not  beeu  much  dwelt  upon,  but  which  have  a  great 
efleet  on  its  power  of  bringiug  the  modifying  influence  of  its  warm 
water  as  far  as  our  shores.  The  first  is  tbe  prevention  of  its  spread- 
ing, as  it  leaves  the  Strait  uf  Florida,  by  the  pressore  of  the  portion  of 
the  equatorial  current  which,  unable  to  get  through  the  passages 
between  tbe  Windward  Islands,  is  diverted  to  tbe  north  of  the  Baba- 
ums  and  bears  down  on  the  eastward  side  of  the  Gulf  Stream  proper, 
compressing  it  lietween  itself  and  the  cold  water  flowing  sonth- 
wartt  along  the  Ameriean  coast,  and  at  the  same  time  adding  to  its 
fort'esnnd  maintaining  its  high  temperature.  The  second  ia  that  by 
the  time  the  Gulf  Stream  has  lost  its  velocity  as  a  current,  in  about 
the  vicinity  of  the  Bank  of  Sewfonndland,  it  has  arrived  in  the  region 
of  the  westerly  winds,  that  is,  of  winds  whose  average  direction  is  from 
west,  whose  influence,  causing  a  surface  drift  somewhat  comparable 
to  that  of  the  trade  winds,  bears  the  water  onward  to  the  British 
islands  and  Xorway.  Without  these  prevailing  westerly  winds  the 
warm  water  of  the  Gulf  Stream  would  never  reach  these  shores. 

The  depth  to  which  the  surface  currents  extend  In  other  parts  is  lit- 
tle known.     l>ir«H't  observations  on  undercurrents  have  been  rare.     In 
the  llrst  place,  it  is  not  an  Citsy  observation  to  make.    Ap|>aratus  has 
genendly  to  l>e  iniprovtsetl.    This  hits  nsnally  consisted  of  some  form 
of  Hat  surfant  lowered  to  the  required  depth  and  sust>ended  in  the 
water  by  a  buoy,  which  prescuts  to  the  resistance  of  the  upper  stratam 
a  very  much  snudler  areit  than  that  of  the  sur&ce  below.     More  perfect 
nmohiiies  have  IntHi  devistnl.  notably  that  used  by  the  Americans  in 
their  West   Indian  exi>eriruents.     These,  however,  are   delicate  and 
WHpii«>  si>  much  cai-e  aud  exi>ericuce  in  working,  and  so  much  time  ia 
■h  observations,  that  under  the  pressure  of  the  more 
lonts  on  surfiUH'  movements  in  the  interests  of  oaviga- 
las  Ihh-u  done.    The  Vhalh  nijcr  made  some  observations 
the  e»iuatorial  curtvnt  in  ntid-Atlantic.  but  they  were 
isive  for  lack  of  suitable  appliances.    They,  however, 
thitt  U-low  llHi  fathoms  there  was  but  little  current. 
ii»lculnt«l  th«'r»'tic:illy  that  winds  blowing  steadily  in 
»ith  the  onlinnry  foi\-e  of  the  trade  winds  would   in 
>■  tVictiou  l>etweeu  the  [virtidcs  put  the  whole  of  a  mass 
athoms  ilei-p,  not  otherwise  iutluenced.  into  motion  in 
but  the  tlirectii'n  and  forvv  of  the  trade  winds  are  ever 
Ih*  actual  stnHit;  vurtvuts  of  the  oi.'eao  are  iM»t  in  the 
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trade- wind  areas,  but  are  the  resaltof  Ibese  drifts  menting  nneaiiotber 
and  being  compressed  by  the  conformation  of  tlie  lai]d.  We  can  not 
therefore  expect  this  theoretical  effect  to  be  realized. 

One  instance  of  tbe  underrnnning  of  one  current  by  another  is 
brought  very  plainly  to  our  notice  in  tlie  North  Atlantic  to  the  east  of 
the  Great  Banks  of  Newfoundland,  vhere  tbe  icebergs  borne  by  the 
Arctic  current  ft'om  Baffin  Bay  pursue  their  course  to  the  sonthvard 
across  the  Gnlf  Stream  running  eastward.  These  great  masses  of  ice, 
tioating  with  seven-eightha  of  their  volume  under  the  surface,  draw  so 
much  water  that  they  are  all  but  wholly  influenced  by  the  undercur- 
rent, A  large  berg  will  have  its  bottom  as  much  as  600  or  700  feet 
below  the  surface.  Tbe  only  reason  that  these  bergs  continue  their 
journey  southward  is  the  action  of  tbe  cold  undercurrent. 

It  was  my  good  fortune  to  be  ordered  in  1872  to  undertake  a  series 
of  exi>erinient8  of  the  currents  and  undercurrents  of  the  Dardanelles 
and  Bosporus.  They  proved  most  interesting.  It  was  well  known 
that  a  surface  stream  is  almost  continuously  passing  out  of  the  Black 
Sea  through  tbe  Bosporus  into  the  Sea  of  Marmara,  and  again  through 
the  Dardanelles  into  the  Mediterranean.  Certain  physicists,  of  whom 
Dr.  W.  Carpenter  was  one,  were,  however,  of  opinion  that  a  return 
cnrr'ent  would  be  found  under  the  surface  running  in  the  opposite 
direction,  and  this  I  was  enabled  to  demonstrate.  Though  from  the 
imperfection  of  oar  apparatus,  which  we  had  to  devise  on  the  spot,  we 
were  unable  to  exactly  proportionate  the  quantities  of  water  moving 
in  tbe  two  directions,  we  found,  whenever  the  surface  current  was 
rushing  southwestward  through  these  straits,  that  for  a  certain  dis- 
tance, from  the  bottom  upward,  the  water  was  in  rapid  motion  iu  the 
opposite  direction.  It  was  an  astonishing  sight  to  behold  the  buoys 
which  snpi)orted  a  wooden  framework  of  3G  square  feet  area,  lowered 
to  depths  from  lOO  to  'MO  feet,  tearing  up  the  straits  against  a  strong 
surface  current  of  as  much  as  3  and  4  miles  an  hour.  It  was  as  per- 
fect an  ocular  demonstration  of  a  counter  undercurrent  as  could  be 
wished,  and  the  Turks,  who  watched  our  proceedings  with  much  sus- 
picion, were  strongly  of  opiuion  that  tlie  devil  had  a  hand  in  it,  and 
only  the  exhibition  of  the  Sultan's  flrmau  saved  us  from  interruption. 
In  the  investigation  of  these  currents  we  found,  as  usual,  that  the  wind 
was  the  most  potent  agent.  Though  the  nnrface  water  from  the  Block 
Sea  is  almost  fresh,  and  the  bottom  water  of  the  heavy  Mediterrnuean 
density  of  1.027,  it  was  found  that  when  calm  had  prevailed  the  surface 
current  slackened,  and  at  times  became  nil,  while  the  undercurrent 
responded  by  a  »imilar  slackening. 

The  ordinary  condition  of  wind  in  the  regions  of  the  Black  Sea  and 
Sea  of  Marmara  is  that  of  a  prevalent  northeast  wind.  1  his  causes  a 
heaping  up  of  the  water  on  the  southwest  shores  of  those  seas,  pre- 
cisely where  the  straits  open,  and  the  surfo^'C  water  therefore  rapidly 
escapes.    These  straits  no  doubt  present  abnormal  characters,  hut,  a- 
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far  as  BorCBoe  currents  ar^  eoneenied.  tb«  long  series  of  obswTatioiw 
tben  mad?  ooDvinoed  mc  of  the  inadeqaacy  of  differences  of  specific 
gravity,  which  were  here  at  a  maiiniDnL,  to  cause  any  perceptible  hcii- 
zontal  flow  of  water.  I  have  said  that  we  wete  anaJile  to  deSne  tfj 
direct  observation  the  exact  position  of  the  dividing  line  between  the 
opposing  cnrrenta,  but  the  rapid  change  in  the  specific  gravity  ftt  aoer- 
tain  depth,  which  \-aried  on  different  days,  gave  a  strong  indication 
that  tlie  currents  changed  at  this  point. 

A  Hussian  officer,  Captain  Hakaroff,  afterwards  made  similar  experi- 
meiitK  in  the  Bosporus,  but  vritfa  more  perfect  appliances,  aod  be  f<Hiiid 
that  at  the  point  where  the  spe^Mfic  gravity  changed  the  cnrreDts  aJao 
changt-d. 

I  have  been  anxious  to  obtain  siniilar  observations  at  the  Straits  of 
llabel  jMaudeb,  the  sonthem  outlet  of  the  Bed  Sea,  where  somewhat 
similar  condJtioim  prevail.  Here  the  winds  are  governed  by  the  mon- 
HoiiiiH.  For  half  the  year  the  wind  blows  from  the  north  down  the 
whole  length  of  the  sea,  causing  a  sarfnce  flow  outward  into  the  Gnlf 
of  Aden  and  a  general  lowering  of  the  whole  level  of  the  sea  of  about 
'2  ti'i't.  For  the  other  half  of  the  year  the  wind  at  the  sonthem  eDd  of 
lh<>  Hi'ii  is  strong  from  the  southeast,  causing  a  snrfoce  set  into  the  Red 
Hon,  over  wliicli  the  general  level  of  the  water  rises,  while  the  northerly 
wind  ciiiitiniies  to  blow  throughout  the  northern  half.  At  eitherof 
Mii-Bi'  tInic'H  I  think  it  is  highly  probable  that  there  is  an  undercurreot  in 
llii<  ii]i|HiHiI«  direction  to  tliat  at  the  surface,  but  unfortunately  the  sea 
iliH(ni'l>iiiice  iN  givnt  and  observations  are  very  difficult.  Observations 
m-rii,  ImweviT,  nntde  by  Capt.  W.  U.  Moore  in  H.  M.  S.  Pmguiu  in 
IHIHI,  lint  lit  II  time  wtieu  the  change  of  monsoon  was  taking  place. 
'I'lio  I'liHn)!  Viw  jK'i'uliiir,  for  it  appeared  that  at  a  depth  of  aboat  360 
let'l  tlm  itiiivi'iiii'iit  of  the  water  was  tidal,  while  the  surface  water  was 
Hint  iiig  Hlnwly  In  cine  direction — a  result  generally  similar  to  that 
iililiiiiitu)  by  t\m  Aincrlciins  in  the  West  Indies — but  the  directiou  of 
|li«  lidiil  ll.iw  MiH  directly  opposite  to  what  might  have  been  expected, 
vi^,  Hill  luiti'i'  run  In  while  the  tide  fell,  and  vice  versa.  More  obser- 
vitlliiini  ui'ti,  linkVKvor,  needed  here  before  any  certain  coDcIasions  can 
|>.'  ruiinod. 

Tliii  diiplh  III'  till*  ocean  ia  the  next  great  feature  which  demands 
itlldilinii.  tin  tliU  iiiir  kiinwicilge  is  steadily,  though  slowly,  increas- 
int;.  The  whnliMH'  It  Uan  lieeii  piined  during  the  last  fifty  years.  Oom- 
iiii'Uri'il  liy  HIr  .linnen  Uon!*,  wluise  means  were  very  small,  but  who 
nc villi IiuIkbs  ditinuntin'iileit  that  the  so-called  unfathomable  ocean  was 
I'citiiiiily  liilliuniidilit  nxcrywheiv,  tli«  sounding  of  the  ocean  has  con- 
liiinoiibly  pviK'tii'ilfd.  Thi>  iuhhIs  of  mibmariue  cables  have  constantly 
iliiiiiiindtid  kiiowUHlKii  til  thld  p)U-tinihir,  niid  the  different  cable  compa- 
nii'B  hiivo  hiiil  a  hiiiiii  Nhare  in  ascertaiuing  the  facts.  Expeditious 
wliiiitd  main  nliJiH'l  hiid  bwa  tn  obtain  soundings  have  been  sentont, 
tli--»'  >t-">uu  uud  ihel'uilMl  Slules  taking  the  first  place;  but  most 
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maritime  nations  bave  aided.  In  the immediute  pust the  additions  have 
mainly  been  l>om  the  soiiudiuga  which  Her  Majesty's  surveying  ships 
continually  take  whenever  on  passage  ft'om  one  place  to  another,  from 
the  work  of  our  cable  companies,  and  from  United  States  vessels.  We 
have  as  a  result  a  very  fair  general  knowledge  of  the  prevailing  depths 
in  the  Atlantic,  but  of  the  Indian  and  Pacific  oceans  it  is  very  fragmen- 
tary. We  have  enough  to  give  us  a  general  idea,  bat  our  requirements 
increase  as  years  ruU  on.  It  is  a  vast  task,  and  it  may  be  safely  said 
will  never  be  completed,  for  we  shall  never  be  satisfied  until  we  know 
the  variations  of  level  under  the  water  as  well  as  we  know  those  on  the 
dry  land. 

It  is  hopeless  to  do  more  than  to  briefly  sketch  the  amount  of  our 
knowledge.  First,  as  to  the  greatest  depths  known.  It  is  very  remark- 
able, and  from  a  geological  pointof  view  significant,  that  the  very  deep, 
est  parts  uf  the  ocean  are  not  in  or  near  their  centers,  but  in  all  cases  are 
verynear  land.  One  hundred  and  ten  miles  outside  the  Knrile  Islands, 
which  stretch  ftvm  the  northern  point  of  Japan  to  the  northeast,  the 
deepest  sounding  has  been  obtained  of  4,655  fathoms,  or  27,930  feet. 
This  appears  to  be  in  a  deep  depression,  which  runs  parallel  to  the  Kuriie 
Islands  and  Japan,  but  its  extent  is  unknown,  and  may  be  very  large. 
Seventy  miles  north  of  Puerto  Bico,  in  the  West  Indies,  is  the  next  deep- 
est cast  known,  viz,  4,561  fathoms,  or  27,366  feet — not  far  inferior  to  the 
Pacific  depth ;  but  here  the  deep  area  must  be  comparatively  small,  as 
shallower  soundings  have  been  made  at  distances  (iO  miles  north  and 
east  of  it.  A  similar  depression  has  been  sounded  during  the  last  few 
years  west  of  the  great  range  of  the  Andes  at  a  distance  of  50  miles 
from  the  coast  of  Peru,  where  the  greatest  depth  is  4,175  fathoms. 
Other  isolated  depths  of  over  4,0UU  fathoms  have  been  sounded  in  the 
Pacific — one  between  the  Tonga  or  Friendly  Islands  of  4,500  fathoms, 
one  of  4,478  fathoms  aenr  the  Ladroues,  and  another  of  4,42)i  fathoms 
near  Pylstaart  Island,  all  in  the  Western  Pacific.  They  all  require 
further  investigation  to  determine  their  extent.  With  these  few  excep- 
tions the  depth  of  the  oceans  so  far  as  yet  known  nowhere  comoa  up  to 
4,000  fathoms,  or  4  sea  miles,  but  there  can  be  little  doubt  that  other 
similar  hollows  are  yet  to  be  found. 

The  sea  with  the  greatest  mean  depth  appears  to  be  the  vast  Paci&c, 
which  covers  67,000,000  of  the  188,000,000  of  square  miles  composing 
the  earth's  surface.  Of  these  188,000,000, 137,000,000  are  sea,  so  that 
the  Pacific  comprises  just  one-half  of  the  water  of  the  globe  and  more 
than  one-third  of  its  whole  area.  The  Northern  Pacific  has  been  esti- 
mated by  Mr.  John  Murray  to  have  a  mean  depth  of  over  2,500  fathoms, 
while  the  Southern  Pacific  is  credited  with  a  little  under  2,400  fathoms. 
These  figures  are  based  on  a  number  of  soundings,  which  can  not  be 
designated  otherwise  than  very  sparse. 

To  give  an  idea  of  what  remains  to  be  done  I  will  mention  that  in  the 
eastern  part  of  the  Central  Pacific  there  is  an  area  uf  10,500,000  square 
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miles  iu  wliicli  there  are  oaly  seveu  soundiugs,  while  in  a  loDg  starip 
crossiug  the  whole  North  Pacific,  which  has  an  area  of  2,800,000  sqnare 
miles,  there  is  no  souDding  at  all.  Merertheless,  while  the  approximate 
meau  depth  I  am  mentioniag  maybe  considerably  altered  as  knowledge 
increases,  'me  know  enoagh  to  say  that  the  Pacific  is  geuernlly  deeper 
than  the  other  oceana  The  immeiiBity,  both  in  bulk  and  area,  of  this 
great  mass  of  water  is  difflcnlt  to  realize,  bat  it  may  assist  us  when  we 
realize  that  the  whole  of  the  land  on  the  globe  above  water  level,  if 
shoveled  into  the  Pacific,  wonld  only  fill  one-seveath  of  it.  The  Tudian 
Ocean,  with  an  area  of  2.'i,000,000  sqnare  miles,  has  a  mean  depth,  ac- 
cording to  Mr.  Murray,  of  a  little  over  2,000  fathoms.  This  also  is  esti- 
mated from  a  very  insufficient  number  of  soundings.  The  Atlanti<^  by 
far  the  best-sounded  ocean,  has  an  area  of  31,000,000  square  miles,  with 
a  mean  depth  of  about  2,200  fathoms. 

The  temperature  of  this  huge  mass  of  water  is  an  interesting  ]>oint. 
The  temperature  of  the  surface  ia  most  important  to  us,  as  it  is  largely 
on  it  that  the  climates  of  the  different  parts  of  the  world  depend.  This 
is  comparatively  easy  to  ascertain.  We  know  so  much  about  it  that 
we  are  not  likely  to  improve  on  it  for  many  years.  We  are  quite  able 
to  understand  why  countries  in  the  same  latitude  differ  so  widely  in 
their  respective  meau  temperatures,  why  fogs  prevail  in  certain  locali- 
ties more  than  others,  and  how  it  comes  about  that  others  are  subject 
to  tempestuous  storms.  On  the  latter  point  nothing  has  come  out 
plainer  from  recent  discussion  than  the  fact  that  areas  where  great  dif- 
ferences of  surface  temperature  of  the  sea  prevail  are  those  in  which 
storms  are  generated.  It  is  a  matter  of  observation  that  in  the  region 
south  of  Nova  Scotia  and  Newfoundland  many  of  the  storms  which 
travel  over  the  Atlantic  to  this  country  have  their  rise.  An  examina- 
tion of  surface  temi)erature  showK  that  iu  this  region  the  variationB  are 
excessive,  not  only  from  the  juxtajKisition  of  the  warm  water  of  the 
Gulf  Stream  and  the  cold  water  of  the  Arctic  current  flowing  south- 
ward inside  of  it,  but  in  the  Gulf  Stream  itself,  which  is  composed  of 
streaks  of  warm  and  colder  water,  between  which  difierences  of  as  mnch 
as  20^^  F.  exist.  The  same  conditions  exist  south  of  the  Gape  of  Good 
Hope,  another  well-known  birthplace  of  storms.  Here  the  Agulhas 
current  of  about  70°  F.,  diverted  by  the  land,  poiu's  into  the  mass  of 
water  to  the  southward  colder  by  some  25°,  and  the  meeting  place  is 
well  known  as  most  temiiestuous.  Southeast  of  the  Rio  de  la  Plata  is 
another  stormy  area,  and  here  we  find  the  same  abnormal  variations  in 
snrface  temperature.  Yet  another  is  found  off  the  northeast  ooast  of 
Japan  with  the  same  conditions.  .  These  differences  are  brought  about 
by  the  mingling  of  water  carried  either  by  the  flowing  of  a  powerfiil  car- 
rent  turned  by  the  land  into  a  mass  of  water  of  different  temperature, 
as  is  the  caae  off  the  Cape  of  Good  Hope,  or  by  the  uprisin^r  of  lower 
strata  of  cooler  water  through  a  shallow  surface  stream,  as  appears  to 
be  the  case  in  the  Gulf  Stream. 
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A  remarkable  point  recently  brongbt  to  light  by  the  researches  of 
Mr.  John  Murray  in  Scotch  locbs  is  the  effect  of  wiud  on  the  surface 
temperature.  It  has  been  observed  that  wind  driving  off  a  shore  drifts 
tlie  surface  water  before  it.  This  water  is  replaced  by  the  readiest 
means,  that  is  to  say,  by  water  from  below  the  surface  rising  to  take 
its  place.  As  the  lower  strata  are  io  all  cases  cooler  thao  the  surface  a 
loweringof  the  temperature  results,  and  we  find  iu  fact  that  near  all  sea- 
shores off  which  a  steady  wind  blows  the  water  is  cooler  thati  farther  t» 
seaward.  This  has  an  important  beariiig  on  coral  growth,  and  explains 
why  on  all  western  coasts  of  the  great  continents  oft'  which  the  trade 
winds  blow  we  find  an  almost  absolute  dearth  of  coral,  while  on  the  east- 
ern coasts,  on  which  warm  currents  impinge,  reef^  abound,  the  coral 
auimal  flourisbing  only  in  water  above  a  certain  temperature. 

Observations  of  the  temperature  of  the  strata  of  water  between  the 
snrface  and  bottom  have  been  of  late  years  obtained  iu  many  parts. 
Compared  with  tbe  area  of  the  oceans  they  are  but  few,  but  our  knowl- 
edge steadily  increases  every  year.  The  subject  of  the  vertical  distri- 
bution of  temperature  has  not  yet  been  thoronglily  investigated  in  the 
light  of  the  whole  of  the  information  which  we  now  possess,  bat  Dr. 
Alexander  Buchan  has  been  for  some  time  devoting  his  spare  time  to  the  - 
task,  and  it  is  a  heavy  labor,  for  the  data  obtained  here  and  there  over 
the  world  by  different  ships  of  all  maritime  nations  are  very  difficult  to 
collect  and  to  appraise;  but  I  understand  that  before  long  we  shall  have 
the  result,  which  will  prove  very  interesting,  in  the  last  volume  of  the 
Challenger  series.  It  will  readily  be  understood  that  observations  on  tem- 
peratures at  great  depths  require  great  care.  In  tiie  first  phice,  tbe  ther- 
mometers must  be  most  carefully  manufactured.  They  must  be  subjected 
to  rigoroas  tests,  and  they  mast  be  carefully  handled  during  tlio  oper- 
ation. All  observations  are  not  of  tbe  same  value,  and  the  discussion 
therefore  presents  considerable  difficalty  and  demands  much  discretion. 
In  tbe  meantime  we  ctn  state  certain  known  fsKts.  We  have  learned 
that  tbe  deptli  of  the  warm  surface  water  is  small.  In  tlie  e(|aatoriaI 
current  between  Africa  and  South  America,  where  the  surface  is  of  a 
temperature  of  78°,  at  100  fathoms  it  is  only  55°,  a  dift'erence  of  23°,and  a 
temperature  of  40°  is  reached  at  400  fathoms.  In  this  region,  so  far  as 
knowledge  goes,  the  fall  in  temperature  as  we  dcsi-cnd  is  most  raphl; 
bat,  generally  speaking,  the  same  variations  prevail  everywhere.  In 
tbe  tropical  Pacific  tbe  temperature  falls  32°  from  the  surface,  where  it 
stands  at  82<^,  to  a  depth  of  2U0  fathoms,  40°  being  reached  at  from 
500  to  600  fothoms  below  the  surface.  Below  tbe  general  depth  of  from 
400  to  600  fathoms  the  temperature  .decreases  very  slowly,  but  there 
is  considerable  variation  in  the  absolute  amount  of  it  when  we  get  to 
great  depths  in  different  parts  of  the  ocean. 

One  of  the  most  interesting  facts  that  has  been  recognized  is  thai  in 
inclosed  hollows  of  tbe  ocean  the  bottom  temperature  is  apparently 
Uoch  less  than  that  of  the  stratum  of  water  at  a  corresponding  depth 
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in  tbe  waters  outside  the  sabuiariue  rid  le  tliat  forms  the  iuclosing  wallB, 
separatiug  them  from  deeper  areas  beyond,  and  is,  in  all  cases  that 
have  been  obseiTed,  equal  to  that  on  tbe  ridge.  From  this  fact  we  are 
enabled  to  supplement  our  imperfect  knowledge  of  depths,  becaase  if 
in  a  certain  part  of  an  ocean  we  find  that  the  temperature  at  great 
depths  is  higher  than  we  know  exists  at  similar  depths  in  waters  appar 
eutly  connected,  we  can  feel  certain  that  there  is  a  snbmariuc  ridge 
which  cuts  otr  the  bottom  waters  from  moving  along,  and  that  the 
depth  on  this  ridge  is  that  at  which  ia  found  the  corresfkondi  itg  teoi 
perature  in  the  outer  waters.  As  a  corollary  we  also  assume  tbat  the 
movement  of  water  at  great  depths  is  confined  to  an  almost  itDi>ai:«)v 
tible  movement,  for  if  there  was  a  motion  that  we  could  term,  iu  the 
ordinaiy  acceptation  of  the  word,  a  current,  it  would  infallibly  surmount 
a  ridge  and  itonr  over  the  other  side,  carrying  its  lower  temperature 
with  it.  A.notable  instance  is  the  bottom  temperature  of  the  North 
Atlantic.  This  is  uowliere  below  35°  F.,  althoagb  the  depths  are  verj 
great.  But  iu  the  South  Atlantic  at  a  depth  of  ouly  2,800  fathoms  the 
bottom  temperature  is  but  a  little  above  32°  F.,  and  we  are  tfaerer<M« 
convinced  that  somewhere  between  Africa  and  South  America,  though 
soundiugs  do  not  yet  show  it,  there  must  be  a  ridge  at  a  depth  of  about 
2,000  fathoms.  Wo  also  coiue  to  the  name  conclasion  with  regard  to 
the  eastern  and  western  ))ortton8  of  the  South  Atlantic,  wliere  aimilar 
differenees  prevail.  Again,  the  few  temperatures  that  have  been 
obtained  in  the  eastern  South  Pacific  show  a  considerable  difference 
from  those  in  the  South  Atlantic,  and  we  are  compelled  to  assume  a 
ridge  from  the  Falkland  Islands  to  the  Antarctic  coutiuent. 

It  is  interesting  that  the  investigation  iuto  the  translation  of  the 
great  seismic  wave  caused  by  the  eruption  of  Krakatoa  in  1883  led  to  a 
similar  and  entirely  independent  conclusion.  The  wave  caused  by  the 
explosion  in  the  Straits  of  Sunda  reached  Cape  Horn,  where  by  good 
chance  a  French  tueteorological  expedition  had  erected  an  aatomatic 
tide  gauge,  but  instead  of  oue  series  of  waves  being  marked  on  the 
paper  there  were  two.  A  little  consideration  showed  that  the  South 
Pole  having  directly  interposed  between  Snnda  Straits  and  Cape  Horn. 
the  waves  diverted  by  the  land  about  tbe  jwle  would  arrive  from  both 
sides.  Oue  wave,  however,  made  its  appearance  seven  hours  before 
the  other.  Study  showed  that  the  earliest  wave  coincided  in  time  with 
a  wave  traveling  on  the  Pacific  side  of  tbe  pole,  with  a  velocity  due  to 
the  known  depth,  while  the  later  wave  must  have  been  retarded  in  its 
journey  via  the  South  AtlantiL-.  The  only  possible  osplauation  is  that 
the  wave  bad  been  impeded  by  comparatively  shallow  water.  The  evi- 
dence from  bottom  temperature  was  then  unknown,  and  thus  does  ooe 
branch  of  investigation  aid  another. 

In  the  Western  Pacific  the  water  is  colder,  a  few  bottom  tempera- 
tures of  a  little  over  .33°  F.  having  been  found  in  the  deep  trough  east 
of  the  Tonga  Islands;  but  the  North  Pacific,  though  the  deeper  oceiui — 
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of  eBormoQS  area  and  volume — is  apparently  again  cnt  off  by  a  subma- 
rine ridge.  Tbe  nortbwestera  part  of  tbe  Indian  Ocean  is  for  similar 
reasons  assnmed  to  be  divided  from  the  main  body,  tbe  sfaallower  water 
probably  running  from  the  Seychelles  to  the  Maldive  Islands. 

Mr.  Bnchan  has  i>oiDted  out  why  some  parts  of  oceans,  deep  and  vast 
tliongh  they  be,  are,  when  cut  off  from  commauication  with  others, 
'warmer  at  the  bottom.  Water  cau  only  sink  throagh  lower  layers 
when  it  is  the  heavier,  and  though  a  warmer  snrface  current  becomes 
from  evaporation  denser,  its  heat  makes  it  specifically  lighter  than  the 
strata  below.  It  is  only  when  such  a  current  parts  gradually  with  its 
heat,  aa  in  traveling  from  tropical  to  temperate  regions,  that  it  sinks 
and  slowly  but  surely  carries  its  temperature  with  it,  modifying  tbe 
extreme  natural  cold  of  the  bottom  layers.  In  the  Korth  Atlantic  and 
Pacific  we  have  such  a  condition.  The  great  carrents  of  tbe  Gulf 
Stream  and  Japan  current  as  they  flow  to  the  north  sink,  and  in  the 
coarse  of  ages  have  succeeded  in  raising  the  bottom  temperature  3  or 
4  degrees.  In  tbe  southern  seas  this  Influence  is  not  at  work,  and 
diroctly  connected  with  the  more  open  water  around  the  South  Pole, 
there  is  nothing  to  carry  to  the  abysmal  depths  any  beat  to  raise  them 
A-om  their  normal  low  temperatures,  dne  to  the  absence  of  any  heating 
influence.  The  ice  masses  around  tbe  South  Pole  have  probably  little 
or  no  effect  on  bottom  temperature,  as  the  fresher,  though  colder,  water 
will  not  sink ;  and,  as  a  matter  of  fact,  warmer  water  is  found  at  a  few 
hundred  fathoms  than  at  the  surface.  The  lowest  temperature  ever 
obtained  was  by  Sir  John  Koss  in  the  Arctic  Ocean  in  Davis  Strait  at 
a  depth  of  680  Iktboms,  when  he  recorded  a  reading  of  26°  P.  This 
probably  requires  confirmation,  as  thermometers  of  those  days  were 
somewhat  imperfect.  In  the  great  oceans  the  greatest  cold  is  found  on 
tbe  western  side  of  the  South  Atlantic,  where  the  tliermometer  stands 
at  33.30  F,^  but  temperatures  of  29°  P.  have  been  obtained  of  recent 
years  east  of  the  Faroe  Islands,  north  of  tbe  ridge  which  cuts  off  the 
deeper  waters  of  the  Arctic  from  tbe  Atlantic. 

Though  scarcely  within  the  limits  of  my  subject,  which  is  the  sea 
itself,  I  mast  say  a  few  words  on  the  sea  floor.  The  researches  carried 
OQ  in  tbe  Challenger  revealed  that,  while  for  a  certain  distance  from  the 
continents  the  bottom  is  comiiosed  of  terrestrial  detritus,  everywhere 
in  deep  water  it  is  mainly  composed  of  the  skeletons  or  remains  of 
skeletons  of  the  minute  animals  that  have  lived  in  the  water.  In  com- 
paratively small  depths  we  find  remains  of  many  shells.  As  the  depth 
increases  to  500  fathoms  or  so  we  get  mainly  the  calcareous  shells  of 
the  globigeriuar,  which  may  be  said  to  form  by  far  the  greater  part  of 
the  oceanic  floor.  In  deeper  water  still,  where  pressure,  combined  with 
the  action  of  the  carbonic  acid,  has  dissolved  all  calcareous  matter,  we 
find  an  impalpable  mud  with  skeletons  of  the  siliceous  radiolaria  of 
countless  forms  of  tbe  greatest  beauty  and  complexity.  Deeper  still, 
i.  e.,  in  water  of,  speaking  generally,  over  3,000  fothoma,  we  find  a 
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reddish-colored  clayey  mud,  in  wliicli  the  only  traces  of  recogoizable 
organic  reui»iiis  are  teeth  of  sharks  and  uctacea,  many  belonging  to 
extinct  species.  What  the  depths  of  these  deposits  may  be  is  a  sab- 
ject  of  speculation.  It  may  be  that  some  day,  as  mechanical  appliances 
are  iniprovod,  we  shall  find  means  of  boring,  but  up  to  the  present  no 
Bucb  operation  has  been  attempted. 

On  the  specific  {gravity  of  the  water  of  the  sea  1  can  say  but  little 
except  that  it  varies  considerably.  It  ia  not  yet  known  for  certain  how 
far  the  specific  gravities  observed  at  various  jwints  and  depths  remain 
appreciably  constant.  In  localities  where  evaporation  is  great  and 
other  influences  do  not  interfere  it  is  evident  that  the  specific  gravity 
of  the  surface  will  be  high ;  a  consideration  wbicb  observations  confirm, 
but  there  are  many  complications  which  require  more  observation 
before  they  can  be  resolved.  In  some  few  jilaces  repeated  observations 
permit  deductions,  but  taking  the  sea  as  a  whole  we  are  yet  vei7 
ignorant  of  the  facts  bearing  on  this  point. 

The  waves  which  forever  disturb  the  surface  of  the  sea  demand  much 
study.  The  greatest  of  these,  and  the  most  regular,  is  the  tidal  wave. 
On  this  many  jtowerful  intellects  have  been  bronght  to  bear,  but  it  still 
presents  many  unsolved  anomalies.  Lord  Kelvin  and  Professor  Darwin 
have  demonstrated  that  the  tidal  movement  is  made  up  of  many  waves 
depending  upon  ditt'erent  functions  of  the  moon  and  sun,  some  being 
semidiurnal,  some  diurnal.  The  time  of  transit  over  the  meridian,  the 
declination  of  both  bodies,  create  great  vanations;  the  changing  dis- 
tance and  position  of  the  moon  and  the  position  of  her  node  also  have 
great  effect,  while  the  ever- varying  direction  and  force  of  the  winds  and 
the  different  pressure  of  the  atmosphere.play  their  part,  and  sometimes 
a  very  large  part,  on  what  is  somewhat  loosely  known  as  the  meteorolog- 
ical tide.  The  amplitude  of  the  oscillation  of  the  water  depending  upon 
each  of  the  astronomical  functions  varyingfor  every  point  on  the  earth, 
the  effect  is  that,  each  having  a  different  period,  the  resnlting  mean 
movement  of  water  has  most  astonishing  variations.  In  some  places 
there  is  but  one  apparent  tide  in  the  day;  in  others  this  phenomenoD 
ocmirs  only  at  particniar  periods  of  e^eh  lunation,  white  in  the  major- 
ity of  cases  it  is  the  movements  of  each  alternate  tide  only  that  appear 
to  have  mnch  to  do  with  one  another.  Though  after  long  observation 
made  of  the  times  and  ranges  of  tides  at  any  one  spot  they  can  now  be 
predicted  with  great  accuracy  for  that  particular  place  by  the  method 
of  harmonic  analysis,  perfected  by  Prof.  O.  Uarwin,  the  meteorologicnl 
tide  excepted,  no  one  can  yet  say  what  the  tide  will  be  at  any  spot 
where  observations  have  not  been  made. 

Observations  all  over  the  world  have  now  shown  that  there  is  no  part 
where  the  tidal  movement  is  so  regular  and  simple  as  around  the  Brit- 
ish Islands.  This  is  more  remarkable  when  it  is  found  that  the  tides 
on  the  other  side  of  the  Atlantic — at  Nova  Scotia,  for  instance — are 
very  complicated.  The  minor  tides,  which  in  most  parts  of  the  world, 
n,j-,,-...ih,C00c^lc 
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vhen  combiued  in  oue  direction,  nmount  to  a  very  consideruble  fraction 
of  the  principal  lunar  and  solar  tides,  and  cotiseqneutljr  greatly  increase 
or  diminish  their  efl'ects,  are  in  Great  Britain  so  insigni&caut  that  their 
inliaencQ  is  trifling;  hut  vhy  this  should  be  I  have  never  yet  found  any- 
one to  explain.  Nevertheless  there  are  many  very  curious  points  about 
our  tides  ^hieh  are  plainly  caused  by  interfereuce,  or,  in  other  words, 
by  the  meeting  of  two  tidal  waves  arriving  from  opposite  directions  or 
fironi  the  rebound  of  the  tidal  waves  from  other  coasts.  This  effect, 
also,  it  has  been  so  far  found  imjtossible  to  predict  without  observation. 
On  our  southern  coasts,  for  instance,  in  the  western  part  the  tide  rises 
aboat  15  feet,  but  as  it  travels  eastward  thi;  range  becomes  less  and 
less  untd,  about  Poole,  it  reaches  a  minimum  of  G  feet.  Farther  east 
again  it  increases  to  Hastings,  where  the  range  is  24  feet.  Yet  farther 
east  it  again  gradually  diminishes.  This  is  due  to  the  reflection  from  the 
French  ooa.st,  which  brings  another  wave  which  either  3uperi)08e3  itself 
upon  or  reilnces  the  effect  of  the  main  tide  advancing  up  the  English 
Channel;  but  the  details  of  such  redi-ction  are  so  complex  that  no  one 
could  forecast  them  without  more  knowledge  than  we  possess.  There 
can  belittle  doubt  that  to  this  cause — reflection — is  mainly  due  the  vari- 
atioDB  in  the  amount  of  memt  range  of  tide  which  are  found  on  many 
coasts  at  different  parts;  and  as  these  retlecte<l  waves  may  arrive  from 
great  distances  and  be  many  in  number,  we  may  cease  to  wonder  at  the 
extraordinary  differences  in  range  of  tide  which  prevail,  though  it  will 
be  understood  that  this  is  wholly  s^iarate  from  the  varying  heights 
of  each  successive  tide  or  of  tlie  tide  at  different  parts  of  each  hiuation, 
or  at  different  times  of  the  year,  which  depend  upon  the  astronomical 
influences. 

The  actual  height  of  the  tide  in  deep  water  is  small,  but  on  passing 
into  shallow  water  when  approaching  a  shore,  and  especially  when  roll- 
ing up  a  gulf  of  more  or  less  funnel  shaiic,  it  becomes  increase*!  by  the 
retardation  caused  by  friction  and  by  (.ompression  laterally,  and  hence 
the  height  of  the  tide  on  acoast  affected  by  other  causes  is  greater  than 
in  the  open  sea.  The  oceanic  tide  wave  is  sui)pose<)  to  be  from  2  to  3 
feet  in  height,  hut  as  this  has  been  assumed  from  observations  made 
at  small  oceanic  islands  where,  although  the  magnifying  inlluenccs 
mentioned  are  at  a  minimum,  they  still  exi-st,  we  wait  for  precise  infor- 
mation until  some  means  of  actually  measuring  the  tide  in  deep 
water  is  devised. 

The  waves  due  to  wind,  though  not  so  far-reacliing  iu  their  effects  as 
the  majestic  march  of  the  tide  wave,  are  phenomena  which  arc  more 
ap[>arent  to  the  traveler  on  the  ocean.  The  deep  sea  iu  a  heavy  gale 
presents,  perhaps,  the  must  impressive  manifestation  of  the  jKiwers  of 
nature  which  man  can  behold,  and  doubtless  many  of  us  have  expe- 
rienced feelings  that  may  vary  from  awe  and  wonder  to  siicer  delight, 
according  to  the  temperament  of  eacli  individual,  at  for  the  first  time 
findiDg  hiiDB^If  face  to  face  with  thjs  magnificent  sigbt,  though  I  rather 
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fear  that  discomfort  is  the  prevailing  feeling  that  many  carry  away. 
The  height  to  which  storm  waves  may  arise  has  never  been  very  satis- 
factorily determined.  Apart  from  the  difficulty  of  the  task  and  tbe 
small  number  of  people  who  will  address  themselves  to  it  when  they 
have  the  chance,  it  isbntrarely  that  any  individual  sees  really  abnormal 
waves,  evcu  though  he  may  be  at  sea  all  his  life.  Different  heights 
for  what  are  called  masimnm  waves  have  been  recorded,  and  they  vary 
fi'oni  40  to  90  feet  from  crest  to  hollow.  All  we  can  say  is  that  the 
most  probable  figure  is  about  50  or  GO  feet.  These  great  storm  waves 
travel  very  far.  In  some  cases  they  convey  a  warning,  as  their  velocity 
always  far  exceeds  that  at  which  the  storm  is  traveling.  In  others 
ihey  intimate  that  a  gale  of  which  no  more  is  seen  has  occurred  some- 
where— it  may  bo  many  miles  distant.  When  they  have  traveled 
beyond  the  limits  of  the  wind  which  raised  them  they  lose  the  steep- 
ness of  slope  which  characteri>:es  them  when  under  its  influence  and 
become  an  undulation  which  is  scarcely  noticed  when  in  deep  water. 
On  approaching  shallow  water,  however,  they  are  again  apparent,  and 
the  "rollers"  that  occur  unperiodically  at  various  places  in  latitudes 
where  gales  never  occur  would  ecem  to  be  caused  by  such  waves,  origi- 
nating in  areas  many  thousands  of  miles  distaut  Such  appears  to  be 
the  origin  of  the  well-known  rollers  at  Ascension  and  St.  Helena,  where 
the  rocky  and  exposed  nature  of  the  landing  has  cansed  this  phenom- 
enon to  be  especially  noticed. 

Other  rollers  are,  however,  undoubtedly  due  to  earthquakes  or  vol- 
canic eruptions  occurring  in  the  bed  of  the  sea.  Many  of  the  great 
and  sudden  waves  which  have  cansed  devastation  and  great  loss  of  life 
on  the  shores  of  western  South  America  are  referable  to  this  cause: 
Observations  to  enable  the  focus  of  such  a  disturbance  to  be  traced 
have  generally  been  lacking,  but  it  is  probable  that  where  the  wave  has 
been  large  the  point  of  origin  has  not  been  f;ir  distant.  In  one  nota- 
ble instance  the  conditions  were  reversed.  The  point  of  origin  was 
kuown,  and  the  distance  to  which  the  resulting  wave  traveled  could  be 
fairly  satisfactorily  traced.  This  was  the  great  eruption  in  the  Straits 
of  Sunda,  in  August,  1883,  which  locally  resulted  in  the  disap[>earance 
of  the  major  part  of  the  island  of  ICntkatoa,  and  the  loss  of  nearly 
40,000  lives  on  the  neigboring  shores  of  Java  and  Snmatra  by  the  huge 
wave  which  devastated  them.  The  records  of  automatic  tide  gauges 
and  the  observations  of  individuals  enabled  the  waves  emanating  from 
this  disturbance  to  be  followed  to  great  distances.  These  waves  were 
of  great  length,  the  crests,  arriving  at  intervals  of  about  an  hour,  and 
moving  with  a  velocity  of  about  3.10  miles  an  hour,  were  about  that  dis- 
tance apart.  The  waves  reconled  at  Cape  Horn  were  apparently 
undoubtedly  due  to  the  eruption  and  traveled  distances  of  7,500  miles 
and  7,800  miles  in  their  course  on  cither  side  of  the  south  polar  land, 
""hey  were  only  5  inches  in  height  above  mean  level  of  the  sea,  while 

■  waves  recorded  at  places  on  the  southern  part  of  Africa,  at  a  dis- 
ce  of  about  5,000  miles  from  the  scene  of  the  eruption,  y(§^.  iron) 


THE  PFIYSrCAL  CONDmON  OP  THE  OCEAN.  357 

1  to  2  feet  bjgh,  the  original  long  waves  being  of  au  iinknown  height, 
bat  probably  did  not  exceed  10  or  15  feet.  No  other  each  opportunity 
of  testing  the  distances  to  which  great  wnvea  may  travel  has  ever 
occurred,  and  as  such  a  catastrophe  a»  gave  rise  to  thera  could  scarcely 
be  rei>eated  without  similar  loss  of  life,  it  may  be  hoped  we  shall  not 
live  to  see  another,  iuterestiug  though  the  discussion  of  the  numeroas 
phenomena  were. 

The  movement  of  the  particles  of  water  due  to  the  tide  wave  extends 
to  the  bottom  of  the  di>ei>est  water,  and  doubtless  plays  an  important 
part  in  keeping  up  a  constant  motion  in  the  abysses,  but  the  depth  to 
which  the  action  of  the  surface  waves  originating  in  wind  reach  is  still 
bat  little  known  by  observation,  if,  however,  we  study  the  contourof 
the  bottom  otT  the  shores  of  land  exposed  to  the  full  indueuce  of  the 
great  oceans,  we  are  struck  by  the  very  general  rapid  increase  of  slope 
after  a  depth  of  about  80  to  100  fathoms  (500  to  GOO  feet)  has  been 
reached.  It  appears  probable  that  this  is  connected  with'  the  depth  to 
which  wave  action  may  extoud,  the  fine  particles  brought  down  by 
rivers  or  washed  from  the  lan4l  by  the  attrition  of  the  breakers  being 
distributed  and  gradually  moved  down  the  sloiH).  When  we  examine 
banks  in  the  open  sea,  we  find,  however,  that  there  are  a  great  many 
with  a  general  depth  of  from  30  to  40  fathoms,  and  the  question  arises 
whether  this  may  not  be  the  general  hmit  of  the  power  of  oceanic  waves 
to  cut  down  the  mass  acted  upon  when  it  is  fairly  friable. 

The  qnestion  has  an  intoresting  bearing  on  the  subject  of  the  ever- 
debated  origin  of  coral  atolls,  for  this  is  the  general  depth  of  many 
large  lagoons;  and  grantetl  that  the  sea  can  cut  down  land  to  this 
.depth,  we  have  at  once  an  apiiroach  to  the  solution  of  the  problem  of 
the  formation  of  bases  of  a  suitable  depth  and  material  upon  which  the 
coral  animal  can  commence  operations.  This  question  also  awaits  more 
light,  and  I  merely  offer  this  remark  as  a  suggeatiori.  It  is,  however, 
somewhat  remarkable  that  in  recent  cases  of  volcanic  islands  piled  up 
by  submarine  ernptions,  they  have  all  been  more  or  less  rapidly  washed 
away,  and  are  in  process  of  further  diminution  under  the  surface. 

Observations  on  the  mean  level  of  the  sea  show  that  it  constantly 
varies,  ID  some  places  more  than  others.  This  subject  has  not  yet  been 
worked  out.  Id  some  localities  it  is  plainly  due  to  wind,  as  in  the  Red 
Sea,  where  the  summer  level  is  some  2  feet  below  that  of  wintor,  owing 
to  the  fact  that  in  summer  the  wind  blows  down  the  whole  length  of  the 
sea,  and  drives  the  water  out.  In  many  places,  as  in  the  great  estuary 
of  the  Bio  de  ia  Plata,  the  level  is  constantly  varying  with  the  direction 
of  the  winds,  and  the  fluctuation  due  to  this  cause  is  greatly  in  excess 
of  the  tidal  action.  In  others  the  cause  is  not  so  clear.  At  Sydney, 
New  South  Wales,  Mr.  Russell  found  that  during  eleven  years  the  level 
was  constantly  falling  at  about  an  inch  a  year,  but  by  the  last  accounts 
received  it  was  again  stationary. 

The  variations  in  the  pressure  of  the  atmosphere  play  an  important 
part  in  changes  of  sea  level.     A  difference  of  1  inch  iu  th«  barometer 
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has  been  shown  to  he  fbllowed  by  a  diU'ereDce  of  a  foot  iii  the  mean 
level  of  the  sea,  aiid  in  parts  of  the  world  where  the  mean  height  of  the 
haroinet<;r  v.iries  much  with  the  seasons  and  the  tidal  range  in  !<niall, 
this  efleet  is  very  marked. 

Of  any  secular  change  in  the  level  of  the  sea  little  is  known.  This 
can  only  be  measured  by  comparison  with  the  land,  and  it  is  a  qnention 
which  is  the  more  unstable,  the  land  or  the  water — probably  the  land, 
as  it  has  been  shown  that  the  mass  of  the  land  is  so  trifling,  compareil 
with  that  of  tlic  ocean,  that  it  would  take  a  great  deal  to  alter  the  gen- 
eral mean  level  of  the  latter. 

All  the  t>oiuts  connected  with  the  sea  that  1  have  had  the  honor  of 
bringing  before  yon  form  part  of  tlie  daily  observation  of  the  marine 
surveyor  when  lie  has  the  chance,  but  I  cnn  not  refrain  from  also  men- 
tioning other  duties,  which  are  indeed  in  the  present  state  of  onr  knowl- 
eilge  and  of  the  practical  requirements  of  navigation,  the  principal 
[toints  to  which  he  has  to  pay  attention,  as  it  may  explain  why  our 
knowledgeon  so  many  interesting  details  still  remains  very  imiierfeci. 

Working  as  w^o  do  in  the  interests  of  the  vast  marine  of  Great 
Britain,  the  paramount  necessity  of  gooil  navigational  charts  requires 
that  the  production  of  such  charts  should  be  our  principal  aim.  It  is 
diSicnlt  for  a  landsman  and  diflicnlt  even  for  a  sailor  who  has  never 
done  snch  work  to  realize  the  time  that  is  necessary  to  make  a  really 
complete  marine  sun-ey.  The  most  imi»ortatit  jiart,  the  ascertainment 
of  the  depth,  is  done,  so  to  si>cak,  in  the  dark — that  is  to  say,  it  is  by 
touch  and  not  by  sight  that  we  have  to  find  the  dilTerent  elevations 
and  depressions  of  the  bottom  of  the  sea.  In  making  a  map  of  the 
landau  isolated  rock  or  hill  stands  nplikeabeaeon  above  the  surronad- 
ing  land,  and  is  at  once  localized  and  marke<l,but  a  similar  object  under 
the  sea  can  only  be  found  by  patient  and  long-continued  sounding,  and 
may  very  easily  be  missed. 

When  it  is  consideretl  that  marine  surveying  has  only  been  serionsly 
undertaken  for  aliont  one  hundred  years,  with  a  very  limited  number  of 
vessels,  weshall,!  think,  understand  how  in  the  vast  area  of  the  waters, 
taking  only  those  bordering  the  shores,  many  unsuspected  dangers 
are  yearly  discovered.  Very,  very  few  coasts  have  been  minutely  sur- 
veyed, and,  setting  aside  for  a  moment  the  great  changes  that  take 
place  off  shores  where  sandbanks  prevail,  I  should  be  sorry  to  say 
that  even  on  onr  own  coasts  charts  are  i)erfect.  Yearly  around  Great 
Britain  previously  unknown  rocks  come  to  light,  and  if  this  is  the  case 
at  home,  what  are  we  to  think  of  the  condition  of  charts  of  less-known 
localities!  Our  main  efforts  therefore  are  directed  to  the  improvementof 
chai-ts  for  safe  navigation,  an»l  the  time  that  can  be  spared  to  the  eluci- 
dation of  purely  scientific  problems  is  liroitetl.  Nevertheless,  the  daily 
work  of  the  surveyor  is  so  intimately  connected  with  these  scientific 

')blenis  that  yciir  by  year,  slowly  but  surely,  we  a<ld  to  the  accumnla- 
of  our  knowledge  of  the  sea. 
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TBE  ORIGIN  OF  THE  OLDEST  FOSSILS  AND  THE  DISCOV- 
EBY  OP  THE  BOTTOM  OF  THE  OCEAN.' 


By  W.  K.  Brooks, 
r  oj  Zoology  in  Ike  Johns  Ilopkin. 


Iq  the  Origin  of  Species  Darwin  »ays  tliat  the  sudden  appearance  of 
species  belongiug  to  several  of  the  main  divisioUN  of  the  animal  king- 
dom in  the  lowest  known  fossiliferous  rocks  i»  at  present  inexplicable 
and  may  be  truly  urged  as  a  valid  objection  to  liis  views. 

II  hia  theory  be  true,  lie  says  that  "it  is  indisputable  that  before  the 
lowest  Cambrian  stratum  was  deposited  long  periods  elapsed,  a«  long 
as,  or  ])robabIy  far  longer  than,  the  whole  iuterval  troin  the  Canihnan 
age  to  the  present  day,  and  that  during  these  vast  perioils  the  world 
swarmed  with  living  creatures.  Here,"  he  says,  "we  encounter  a  for- 
midable objection;  for  it  seems  doubtful  whether  the  earth,  in  a  fit  state 
for  the  babitation  of  living  creatures,  has  lasted  long  enough.  To  the 
questioD  why  we  do  not  find  such  fosstliferous  dejHSHits  belonging  to 
these  assumed  earliest  jwriods  prior  to  the  Cambrian  system  I  can  give 
no  satisfactory  answer." 

On  its  geologteal  side  this  difliculty  is  even  greater  than  it  was  ie 
Darwin's  day,  for  we  now  know  that  the  fauna  of  the  Lower  Cambrian 
was  rich  and  varied;  that  most  of  the  modern  types  of  animal  life  were 
represented  in  the  oldest  fauna  which  luis  been  discovered,  and  that  all 
its  types  have  modem  representatives.  The  paleontological  side  of 
the  subject  has  been  ably  summed  u])  hy  Wakott  in  an  interesting 
memoir  on  the  oldest  fauua  which  is  known  to  us  from  fossils,  aud  his 
collection  of  one  hundred  and  forty-one  American  species  from  the 
Lower  Cambrian  is  distribnteil  over  most  of  the  marine  groups  of  the 
animal  kingdom,  and  except  for  the  absence  of  the  remains  of  verte- 
bnvted  animals,  the  whole  province  of  animal  life  is  almost  as  com- 
pletely covered  by  these  one  hundred  and  forty-one  species  as  it  could 
he  by  a  collection  from  the  bottom  of  the  modern  ocean.  Four  of  the 
American  species  are  sponges,  two  arc  hydrozoa,  nine  are  aetinozoa, 
twenty-nine  are  brachiopods,  three  are  iamellibraiichs,  thirteen  are  gas- 
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teropods,  fifteen  are  pteropods,  eight  are  crustacen,  fifty -one  are  trilo- 
bites,  nnd  trails  ami  burrows  show  the  oxisteiicc  of  at  least  six  siiecles 
of  bottom  forms,  probably  worms  or  Crustacea.  The  most  notable  char- 
acteristic of  this  fauna  is  the  completeness  with  which  these  few  species 
outline  the  whole  fauna  of  the  mmieni  sea  floor.  Far  from  showing  us 
the  simple  uuspwialized  ancestors  of  modern  animals,  tbey  are  most 
intensely  mo<lern  themselves  in  the  zoological  sense,  and  they  belong 
to  the  same  order  of  nature  as  that  which  prevails  at  the  present  day. 

The  fossiliferous  beds  of  the  Lower  Cambrian  rest  npon  beds  which 
are  miles  in  vertical  thickness,  and  are  identical  iu  all  their  physical 
features  with  those  which  contain  this  fauna.  Tbey  prove  beyoud 
question  that  the  waters  in  which  they  were  laid  down  were  as  fit  for 
supporting  life  at  the  beginning  us  at  the  end  of  the  enormous  lapse  of 
time  which  they  represent,  and  that  all  the  conditions  have  since  been 
equally  favorable  for  the  preservation  and  the  discovery  of  fossils. 
Modern  discovery  lias  brought  the  diffi<^ulty  which  IJarwin  [wiuts  out 
into  clearer  view,  btit  geologists  are  no  more  prepared  than  he  was  to 
give  a  satisfactory  solution,  although  I  shall  now  try  to  show  that  tbe 
study  of  living  animals  in  tlicir  relations  to  tbe  world  around  them 
does  help  us,  and  that  (comparative  anatomy  and  comparative  embry- 
ology and  the  study  of  tbe  liabits  and  affinities  of  organisms  tell  us  of 
tiroes  more  ancient  than  the  oldest  fossils  and  give  a  more  perfect 
record  of  the  early  history  of  life  than  paleontology. 

While  the  history  of  life  as  told  by  fossils  has  been  slow  and 
gradual,  it  has  not  been  uniform,  for  we  have  evidence  of  the  occur- 
rence of  several  periods  when  modifi<cation  was  comparatively  rapid. 

We  are  living  in  a  period  of  intollectual  progress,  and  among  terres- 
trial animals  cniniing  now  counts  for  more  than  size  or  strength,  and 
fossils  show  that,  while  the  average  sixe  of  mammals  has  diminished 
since  the  Middle  Tertiary,  the  size  of  their  brains  has  increase<l  more 
than  XOO  per  cent;  that  the  brain  of  a  modern  mammal  is  more  than 
twice  as  large,  comparad  with  its  body,  as  the  brain  of  its  ancestors  in 
the  Middle  Tertiary.  Measured  in  years  the  Middle  Tertiary  is  very- 
remote,  but  it  is  very  modern  compared  witli  the  whole  history  of  the 
fossiliferous  locks,  although  more  of  brain  dcveloi)mei>t  has  been 
effected  in  this  short  time  thau  in  all  preceding  time  from  the  beginning. 

The  later  paleozoic  and  early  secomlary  fossils  mark  another  period 
of  rapid  cliangc,  when  the  fitness  of  the  laud  for  animal  life,  ami  the 
presence  of  laud  plants,  brought  about  the  evolution  of  terrestrial 
animals. 

I  shall  give  reasons  for  seeing,  in  the  Lower  Cambrian,  another  period 
of  rapid  chauge,  when  a  new  factor — the  discovery  of  tbe  bottom  of  tbe 
ocean — began  to  act  in  the  modification  of  species,  and  I  shall  try  to 
show  that,  while  auimal  life  was  abundant  long  before,  the  evolution  of 

'imals  likely  to  be  preserved  as  fossils  took  place  with  comparative 
idity,  and  that  tbe  zoological  features  of  the  Lewer  Cambrian  are  of 
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snch  a  character  as  to  intUcato  that  it  in  a  deci<led  and  niiiDistakablo 
approsimation  to  the  primitive  fauna  of  ttie  bottom,  beyond  which  life 
was  represented  only  by  minate  and  simple  surface  animals  not  likely 
to  be  preserved  as  fossils. 

ITotbiDg  briogB  home  more  vividly  to  the  zoologist  a  picture  of  the 
diversity  of  the  Lower  Cambrian  fauna  and  of  its  intimate  relation  to 
the  fauna  on  the  bottom  of  the  modern  ocean  than  the  thought  that 
be  would  have  found  on  tlie  old  Cambrian  shore  the  same  opportunity 
to  study  the  embryology  and  anatomy  of  pteropods  and  gastero[>ods 
and  Inmellibranchs,  of  crnata^'ea  and  medusa;,  echinoderms  and  bra- 
cbtopods,  that  lie  now  has  at  a  marine  laboratory;  that  his  studies 
would  have  folloned  the  same  lines  then  that  they  do  now,  and  that 
most  of  the  record  of  the  jiast  which  they  make  known  to  him  woaUl 
have  been  ancient  history  then.  Moat  of  the  great  types  of  ancient 
life  show  by  their  embryology  that  they  run  biit^k  to  simple  and  minute 
ancestors  which  lived  at  the  surface  of  the  ocean,  and  that  the  common 
meeting  point  must  be  projected  back  to  a  still  more  remote  time,  before 
these  ancestors  had  become  difl'erential  from  each  other. 

After  we  have  traced  each  great  line  of  modern  animals  as  far  back- 
ward aa  we  can  through  the  study  of  fossils,  we  still  find  these  lines 
distinctly  laid  down.  The  Lower  Cambrian  Crustacea,  for  example, 
are  as  distinct  from  the  Lower  Cambrian  echinoderms  or  pteropods  or 
lamellibrauclisor  bracliiopods  as  they  are  from  these  of  the  present  day, 
but  zoology  gives  us  evidence  that  the  early  steps  in  the  establishment 
of  these  great  lines  were  taken  under  conditions  which  were  essentially 
different  from  those  which  have  prevailed,  without  any  essential  change 
from  the  time  of  the  oldest  fossils  to  the  present  day,  and  tliat  most  of 
the  great  lines  of  descent  were  roprcsenteil  in  the  remote  past  by  ances- 
tors, which,  living  a  different  sort  of  life,  differed  essentially,  in  struc- 
ture as  well  as  in  habits,  from  the  representatives  of  the  same  types 
which  are  known  to  us  as  fossils. 

In  the  echinoderms  we  have  a  well-defined  type  represented  by 
abundant  fossils,  veiy  rich  in  living  forms,  very  diversified  in  its 
modification,  and  therefore  well  fitted  for  use  as  an  illustration.  This 
great  stem  contains  many  classes  and  onlers,  all  constmcted  on  the 
same  plan,  which  is  sharply  isolated  and  quite  unlike  the  plan  of  struc- 
ture in  any  other  group  of  animals.  All  through  the  series  of  fossilifcr- 
ons  rocks  echinoderms  are  found,  and  their  plan  of  structure  is  always 
the  same.  Paleontology  gives  us  most  valuable  evidence  reganling 
the  course  of  evolution  within  the  limits  of  a  class,  as  in  the  crincids 
or  the  echinoids ;  but  we  appeal  to  it  in  vain  for  light  uiKtn  the  organiza- 
tion of  the  primitive  echinoderm  or  for  connecting  links  between  the 
classes.  To  our  questions  on  these  subjects,  and  on  the  relation  of 
the  echinoderms  to  other  animals,  paleontology  is  silent,  and  throws 
them  back  upon  us  as  unsolved  riddles. 


n,g:,.-ndtyG00glc 


362  THE  ORIGIN  OF  THE   OLDEST   FOSSILS. 

The  zoologist  anhesitatiiigly  projects  his  imagination,  held  in  check 
only  by  the  laws  of  scientific  thought,  into  the  dark  period  before  tbe 
times  of  the  oldest  fossils,  and  he  feels  absolutely  certain  of  the  past 
exiRtence  of  a  stem  from  which  tbe  classes  of  echinodertns  have 
inherited  the  fundamental  jilau  of  tbeir  stracture.  He  afBnue  with 
equal  confidence  that  the  -structural  changes  which  have  separated  this 
ancient  type  from  the  classes  which  we  know  from  fossils  ureverymach 
more  profound  and  extensive  than  all  the  changes  which  each  class  has 
niidergone  from  tlie  earliest  paleozoic  times  to  the  present  day.  He  is 
also  diajHised  to  assume,  but,  as  I  shall  show,  with  much  less  reason 
that  the  amount  of  change  which  structiu-o  has  undergoue  is  an  index 
to  the  length  of  time  which  the  change  has  required,  and  that  the 
l>criod  which  is  covered  by  the  fossiliferous  rocks  is  only  an  inconsid- 
erable part  of  that  which  has  been  consumed  in  the  evolution  of  tbe 
echinoderms. 

The  zoologist  does  not  check  the  flight  of  his  scientific  imagination 
here,  however,  for  he  trusts  implicitly  to  the  emhryological  evidence 
which  teaches  him  that  still  farther  back  iu  the  past  all  echinoderms 
were  represented  by  a  minute  floating  animal  wliich  was  not  an  ecbiao- 
derm  at  all  in  any  sense  except  tbe  ancestral  one,  although  it  was  dis- 
tinguished by  features  which  natural  selection  has  converted,  under 
the  influence  of  modern  conditions,  into  the  structure  of  echinoderms. 
He  finds  in  the  embryology  of  modern  echinoderms  phenomena  which 
can  bear  no  int«r])retation  bnt  this,  and  he  unhesitatingly  assumes 
that  they  are  an  inheritance  which  has  been  handed  down  from  genera- 
tion to  generation  through  all  the  ages  from  the  prehistoric  times  of 
zoology. 

Other  groups  tell  the  same  story  with  equal  eleamess.  A  lingula  is 
still  living  in  the  simd  bars  and  mud  flats  of  the  Chesapeake  Bay 
under  conditions  which  have  not  efi'ected  any  essential  change  in  its 
structure  since  the  lime  of  the  Lower  Onmbrian.  Who  can  look  at  a 
living  lingula  without  being  overwhelmed  by  the  efl'ort  to  grasp  its 
immeasurable  antiquity;  by  the  thought  that  while  it  has  passed 
through  all  the  chances  and  changes  of  geological  history,  the  struc. 
tnre  which  fitted  it  fur  life  on  the  earliest  paleozoic  bottom  is  still 
adapted  for  a  life  on  the  sands  of  the  modern  t^ea  fioorT 

The  everlasting  hills  are  the  type  of  venerable  antiquity ;  but  lingula 
has  seen  the  continents  grow  up,  and  has  maintained  its  integrity 
nnmoved  by  the  convulsions  which  have  given  the  crust  of  tbe  earth 
its  present  form. 

As  measured  by  the  time-standards  of  the  zoologist  lingula  itself  is 
modem,  for  its  life  history  still  holds  locked  up  in  its  embryology  the 
record,  repeated  in  the  development  of  each  individual,  of  a  structure 
and  a  habit  of  Hfe  which  were  lost  in  the  unknown  past  at  the  time  of 
♦'■e  Lower  Cambrian,  and  it  tells  us  vaguely  but  unmistakably  of  life 
e  surface  of  the  primitive  ocean  at  a  time  when  it  was  represented 
inute  and  simple  floating  ancestors.  A_iO(vHc 
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Broadly  stated,  the  history  of  each  |j;reat  line  has  been  like  that  of 
the  echiiioderiria  and  bractiiopods.  The  oldest  pterojiod  or  laiiielli- 
branch  or  ecbinoderm  or  crustaceau  or  vertebrate  which  we  know  from 
fossils  exhibits  its  own  type  of  structure  with  perfect  tlistinctoess,  and 
later  iuflueiires  have  done  no  more  than  to  expand  and  diversify  the 
type,  while  anatomy  failK  to  gnide  ns  back  to  the  jwint  where  these 
various  lines  met  each  other  in  a  common  eonrce,  although  it  forces  as 
to  believe  that  the  common  Hourcc,  once  had  an  individual  existence. 
Embryology  t«acbes  that  each  line  once  had  its  own  representative  at 
the  surface  of  the  ocean,  and  that  the  early  stages  in  its  evolution  have 
passe«l  away  and  left  no  record  in  the  rocks. 

If  we  try  to  call  before  the  mind  a  picture  of  the  land  surface  of  the 
earth  we  sec  a  vast  expanse  of  verdure  stret<;hing  from  high  up  in 
the  mountains  over  hills,  valleys,  and  plains,  and  through  forests  and 
meadows  down  to  the  sea,  with  only  an  occasional  lake  or  broad  river 
to  break  its  uniformity. 

Our  picture  of  the  ocean  is  an  empty  waste,  stretching  on  and  on 
with  no  break  in  the  monotony  except  now  and  then  a  flying  fish  or  a 
wandering  sea  bird  or  a  floating  tuft  of  sargassum,  and  we  never  think 
of  the  ocean  as  the  home  of  ve};;etable  lilc.  It  contains  plant-like  ani- 
mals in  abundance,  but  these  are  true  animals  and  not  plants,  although 
they  are  so  like  them  in  form  and  color.  At  Nassau,  in  the  Bahama 
Islands,  the  visitor  is  taken  in  a  small  boat,  with  windows  of  plate 
glass  set  in  the  bottom,  to  visit  the  "sea  gardens"  at  the  inner  end  of 
a  channel  through  which  the  pure  water  from  the  open  sea  flows 
between  two  coral  islands  into  the  lagoon.  Here  the  true  reef  corals 
grow  in  qaiet  water,  where  they  may  be  visited  and  examined. 

When  illuminated  by  the  vertical  sun  of  the  Tropics  and  by  the  light 
whicu  is  reflected  back  from  the  white  bottom,  the  pure,  transparent 
water  is  as  clear  as  air,  and  the  smallest  object  U>  or  50  feet  down  is 
distinctly  visible  throngh  the  glass  bottom  of  the  boat. 

As  this  glides  over  the  great  mushroom- shaped  coral  domes  which 
arch  npfrom  the  depths,  the  dark  grottoes  between  them  and  the  caves 
under  their  overhanging  tops  are  lighted  up  by  the  sun,  far  down  among 
the  anthozoa  or  flower  animals  and  the  zoo))bytes  or  animal  plants, 
which  are  seen  through  the  waving  thicket  Of  brown  and  parple  sea 
fans  and  sea  feathers  as  they  toss  before  the  swell  from  the  open  ocean. 

There  are  miles  of  these  "  sea  gardens"  in  the  higoonH  of  the  Baha- 
mas, and  it  has  been  my  good  fortnne  to  spend  many  months  studying 
their  wonders,  but  no  description  can  convey  any  conception  of  their 
beauty  and  luxuriance.  The  general  elfect  is  very  garden-like,  and  the 
beautifol  fishes  of  black  and  golden  yellow  and  iridescent-cobalt  blue 
hover  like  birds  among  the  thickets  of  yellow  and  lilac  gorgonias. 

The  parrot  fishes  seem  to  be  cropping  the  plants  like  rabbits,  but 
more  careful  examination  shows  that  they  are  biting  off  the  tips  of  the 
gorgonias  and  branching  madreiwres  or  bunting  for  the  small  Crustacea 
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vbich  bide  in  tlie  tliiclcct  »n<l  that  all  the  apparent  planta  are  really 


The  delicate  star-like  flowers  are  thevermilioo  heada  of  boring  anne- 
lids or  the  scarlet  tentacles  of  actinias,  and  the  thicket  is  made  up  of 
pale  lavender  hashes  of  branching  madrepores,  and  green  and  brown 
aud  yellow  and  oil  veniasAes  of  brain  coral,  of  alcyonariansof  all  shades 
of  yellow  and  purple,  lilac  and  red,  and  of  black  and  browu  aud  red 
apouges.  Even  the  lichens  which  incrust  the  rocks  are  hydroid  corals, 
and  the  whole  sea  garden  is*  a,  deitso  jungle  of  animals,  where  plant 
life  is  represented  only  by  a  few  calcareous  alga;  so  strange  in  8bai>e 
and  texture  that  tliey  are  much  less  plant-like  than  the  true  animals. 

The  scarcity  of  jdaut  life  becomes  still  more  notable  when  we  study 
the  ocean  as  a  whole.  On  land  herbivorous  animals  are  always  much 
more  abundant  and  prolific  than  the  carnivora,  as  they  must  be  to  keep 
up  tbe  supply  of  food,  but  the  animal  life  of  the  ocean  shows  a  most 
remarkable  difference,  for  marine  animals  are  almost  exclusively  car- 
nivorous. 

The  bird.s  of  tbe  ocean,  tbe  terns,  gulls,  petrels,  divers,  cormorants, 
tropic  birds  and  albatrosses,  are  very  numerous  indeed,  and  the  only 
parallel  to  the  pigeon  roosts  and  rookeries  of  the  Innd  is  found  in  the 
dense  clouds  of  sea  birds  around  their  breeding  grounds,  but  all  these 
sea  birds  are  carnivorous,  and  even  the  birds  of  the  seashore  subsist 
almost  exclusively  upon  animals  such  as  moUusca,  Crustacea,  and 
annelids. 

Tbe  seals  pursue  and  destroy  fishes;  tbe  sea  elephants  and  widrases 
live  upon  molhtsks;  the  whales,  dolphins  and  [mrpoises  and  the  marine 
reptiles  all  feed  upon  animals  and  most  of  them  are  fierce  beasts  of  proy. 

There  are  a  few  flslies  which  pasture  in  the  fringe  of  seaweed  which 
grows  on  the  shore  of  the  ocean,  and  there  are  some  which  browse 
amodg  the  floating  tufts  of  algie  upon  its  surface,  but  most  of  them  fre- 
quent these  places  in  search  of  the  small  animals  which  hide  among  the 
plants.  , 

In  the  Chesai>eake  Bay  tbe  sbeepshead  browses  among  the  alg%  upon 
tbe  submerge<l  rocks  and  piles  like  a  marine  sheep,  but  its  food  is 
exclusively  animal,  and  I  have  lain  u|>ou  the  edge  of  a  wharf  watching 
it  crunch  tbe  barnacles  and  young  oysters  until  tbejuice  of  their  bodies 
streamed  out  of  the  angles  of  its  mouth  and  gathered  a  host  of  small 
ttshes  to  snatch  the  fragments  us  they  drifted  awiiy  with  the  tide. 

Many  important  fishes,  like  the  cod,  pasture  on  the  bottom,  but  their 
pasturage  consisti?  of  nmllusks  and  annelids  and  crustAcea  instead  of 
plants,  and  the  vast  majority  of  sea  fishes  are  fierce  hunters,  pursuing 
aud  destroying  smaller  fishes,  and  often  exhibiting  an  insatiable  love 
of  slaughter,  like  our  own  blueflsh  and  ti-opical  albacore  and  barracuda. 
Others,  such  as  tbe  herring,  feed  upon  smaller  fishea  and  the  pelagic 
"'eropods  and  copepods;  and  others,  like  the  shad,  ni>on  the  minute 
uiems  of  the  ocean^.but  all,  with  few  exceptions,  are  caruivorous. 
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In  the  other  great  groups  of  marine  aDiiiials  we  fliid  some  scavengers, 
some  which  feed  uiioa  micro-organisms,' and  others  which  hunt  and 
destroy  each  other,  but  there  is  no  group  of  marine  animals  which  cor- 
responds to  the  herbivora  and  rodents  and  the  plant-eating  birds  and 
insects  of  the  land. 

Ttiere  is  so  mach  room  in  the  vast  spaces  of  the  ocean,  and  so  much 
of  it  is  hidden,  that  it  is  only  when  surface  animals  are  gathered  to- 
gether that  the  abundance  of  marine  life  becomes  visible  and  impres- 
sive; but  some  faint  conception  of  the  boundless  wealth  of  the  ocean 
may  be  gained  by  observing  the  (Quietness  with  which  marine  animals 
become  crowded  together  at  the  surface  in  favorable  weather.  On  a 
cruise  of  more  than  two  weeks  along  the  edge  of  the  Gulf  Stream  I 
was  surrounded  continually  night  and  day  by  a  vast  army  of  dark- 
brown  jelly-flsh  {Linergea  mercutia),  whose  dark  color  made  them  very 
conspicuous  in  the  clear  water.  We  could  see  them  at  a  distance  from 
the  vessel,  and  at  noon,  when  the  sun  was  overhead,  we  could  look  down 
to  a  great  depth  through  the  center-board  well,  and  everywhere,  to  a 
depth  of  00  or  60  feet,  wo  could  see  them  drifting  by  in  a  steady  pro- 
cession like  motes  in  a  sunbeam.  We  cruised  through  them  for  more 
than  500  miles  and  we  tacked  back  and  forth  over  a  breadth  of  almost 
a  hundred  miles,  and  found  them  everywhere  in  such  abundance  that 
there  were  some  in  every  bucketfnl  of  water  which  we  dipped  uj);  nor 
is  this  abundance  of  life  restricted  to  tropical  waters,  for  Flaeckel  tells 
OS  that  he  met  with  such  enormous  masses  of  Limacina  to  the  north- 
west of  Scotland  that  each  bucket  of  water  contained  thousands.  The 
tendency  to  gather  in  crowds  is  not  restricted  to  the  smaller  animals, 
and  many  species  of  raptorial  iislies  are  found  in  densely  packed  banks. 

Tlie  fishes  in  a  school  of  mai^kerel  are  as  numerous  as  the  birds  in  a 
flight  of  wild  pigeons,  and  we  are  told  of  one  school  which  was  a  wind- 
row of  fish  half  a  mile  wide  and  at  least  20  miles  long.  But  while 
pigeons  are  plant  eatei'S,  the  mackerel  are  rapacious  hunters,  pursuing 
and  devouring  the  herrings  as  well  as  other  animals. 

Herring  swarm  like  locusts,  and  a  herring  bank  is  almost  a  solid 
wall.  In  1879  three  hundred  thousand  river  herring  were  landed  in  a 
single  haul  of  the  seine  in  Albemarle  Sound ;  but  tlie  herring  are  also 
carnivorous,  each  one  consuming  myriads  of  copeiwdw  every  day. 

In  spite  of  this  destruction  and  the  ravages  of  armies  of  medusie 
and  siphonophores  and  i)teropods  the  fertility  of  the  copepods  is  so 
great  that  they  are  abundant  in  all  parts  oi'  the  ocean,  aud  they  are 
met  with  in  numbers  which  exceed  our  power  of  comi)rehen8ion.  On 
one  occasion  the  Challenger  steamed  for  two  days  through  a  deuse  cloud 
formed  of  a  single  species,  aud  they  are  found  in  all  latitudes,  from  the 
Arctic  regions  to  the  Equator,  in  masses  which  discolor  the  water  for 
miles.  We  know,  too,  that  they  are  not  restricted  to  the  surface,  ar  " 
that  the  banks  of  coj^pods  are  sometimes  more  than  a  mile  thi 
When  we  reflect  that  thousands  would  Hud  ample  room  aud  food  i 
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pint  of  wivter,  otie  kah  form  some  faint  conception  of  their  anivenal 
abundanct;. 

TLe  organisms  which  are  visible  in  the  water  of  the  ocean  and  od 
the  sea  bottom  are  almost  universally  engaged  in  devouring  each  other, 
and  many  of  them,  like  the  bluetish,are  never  satisfied  with  slaughter, 
bnt  kill  for  mere  sport. 

Insatiable  rapacity  must  etid  in  extermiuatioii  nnless  there  is  some 
unfailing  supply,  and  as  we  iind  no  visible  supply  in  the  water  of  tlie 
ocean  we  must  seek  it  with  a  microscope,  which  shows  us  a  wonderfiil 
fauua  made  up  of  innumerable  larvro  and  embryos  and  small  animals, 
but  these  things  can  not  be  the  food  supply  of  the  ocean,  for  no  carniv- 
orous animal  could  subsist  very  long  by  devouring  its  own  children. 
The  total  amount  of  these  animals  is  inconsiderable,  however,  when 
compared  with  the  abnudaiive  of  a  few  forms  of  protozoa  and  proto- 
pliytes,  and  both  observation  and  deduction  teach  that  the  most 
imiMirtant  element  iu  marine  life  consists  of  some  half  dozen  tyi>es  of 
protozoa  and  uuieellular  plants;  of  glubigerina  and  radiolariaus, aud 
of  trichodesmium,  pyrocystis,  protococcus  and  the  coccosi)here8  rhab- 
dosplieres  and  diatoms. 

Modern  microscopic  research  bas  shown  that  these  simple  plants, 
aud  the  globigerina;  and  radolarians  which  feed  upon  them,  are  so 
abundant  aud  prolific  that  they  meet  all  demunds  and  supjily  the  food 
for  all  the  animals  of  the  oceau.  This  is  the  fundamental  <«uceptiouof 
marine  biology.  The  basis  of  all  the  life  iu  the  modern  ocean  is  found 
in  the  micro-organisms  of  the  surface. 

This  is  not  all.  The  simplicity  and  abundance  of  the  microscopic 
forms  aud  their  im]K>rtance  in  the  economy  of  nature  show  that  the 
organic  world  has  gradually  taken  sliaiw  around  them  as  its  center  or 
starting  jwint,  and  has  been  controlled  by  them.  They  are  not  only 
the  fundamental  food  supjdy,  but  the  primeval  supply,  which  has  deter- 
mined the  whole  course  of  the  evolution  of  marine  life. 

The  pelagic  plant  life  of  the  ocean  has  retained  its  primitive  simplic- 
ity on  acvonut  of  the  very  favorable  character  of  its  euvironmeut,  and 
the  higher  rank  of  the  littural  vegetation  and  that  of  the  laud  is  the 
result  of  hardship. 

On  laud  the  mineral  elements  of  plant  food  are  slowly  supplied,as 
the  rains  dissolve  them;  limited  space  brings  crowding  and  competi- 
tion for  this  scanty  supply ;  growth  is  arrested  for  a  great  part  of  each 
year  by  drought  or  cold;  the  dtversity  of  the  earth's  surface  demand.* 
diversity  of  structure  aud  habit,  and  the  great  size  aud  complicate*) 
structure  of  terrestrial  plants  are  adaptations  to  these  conditions  of 
hardship. 

At  the  surface  of  the  ocean  the  abundance  and  uniform  distribution 
'mineral  food  in  solution;  the  arcii  which  is  available  for  plants;  the 
ne  of  sunlight  and  the  uniformity  of  the  temperature  are  all  favor- 
to  the  growth  of  plants,  and  as  cacti  plant  is  bathe^  ot)  fi]|  sido^ 

n,g:,.-,.dtyG00glc 


THE  OBIGIN  OF  THE  OLDEST    FOSSILS.  S67 

by  a  DQtritivc  fluid,  it  is  advantageouB  for  the  new  plant-cells  which 
are  formed  by  cell-multiplicntioii,  to  separate  from  each  other  as  soon 
B8  possible,  in  order  to  expose  the  whole  of  their  sarface  to  the  water. 
Cell- aggregation,  the  first  step  toward  higher  organizatioD,  is  therefore 
disadvantngeons  to  the  jielagic  plants,  and  as  the  enviroiimeot  at  the 
surface  of  the  ocean  is  so  monotonous,  there  is  little  opportunity  for  an 
agsregatiou  of  cells  to  gain  any  compensating  advantage  by  seizing 
apon  a  more  favorable  habitat.  The  pelagic  plants  have  retained  their 
primitive  simplicity,  and  the  most  distinctive  peculiarity  of  the  micro- 
scoi>icfood  supply  of  the  ocean  is  the  very  small  number  of  forms  which 
make  np  the  enormous  mass  of  individuals. 

All  the  animals  of  the  ocean  are  dependent  upon  this  supply  of 
microscopic  food,  and  many  of  them  are  adapted  for  preying  upon  it 
directly,  but  a  review  of  the  animal  kingdom  will  show  that  no  higbiy 
organized  animal  has  ever  been  evolved  at  the  surface  of  the  ocean, 
although  all  depend  upon  the  food  supply  of  the  surface. 

The  auimals  which  now  find  their  homo  in  the  open  waters  of  the 
ocean  are,  almost  without  exception,  descendants  of  forms  which  lived 
npOD  or  near  the  bottom,  or  along  the  seashore,  or  upon  the  land,  and 
alt  the  exceptions  are  simple  animals  of  minute  size.  A  review  of  the 
whole  animal  kingdom  would  take  more  space  than  we  can  spare,  but 
it  woul<l  show  that  the  evidence  from  embryology,  from  comparative 
anatomy,  and  from  paleontology  all  bears  in  the  same  directiou  and 
proves  that  every  large  and  highly  organizeil  animal  in  the  open  ocean 
is  descendetl  from  ancestors  whose  home  was  not  open  water  but  solid 
ground,  either  on  the  bottom  or  on  the  shore.  Embryology  also  gives 
us  good  ground  for  believing  that  all  these  animals  are  still  more 
remotely  descended  from  minute  and  simple  pelagic  ancestors,  and  that 
tbe  history  of  all  the  highly  organized  inhabitants  of  the  water  has 
followed  a  roundabout  path  from  the  surface  to  the  bottom  and  then 
back  into  the  water.  When  this  fact  is  seen  in  all  its  bearings,  and  its 
full  signiticance  is  gras[>ed,  it  is  certainly  one  of  the  most  notable  and 
instructive  features  of  evolution. 

The  food  supply  of  marine  animals  consists  of  a  few  species  of  micro- 
scopic organisms  which  are  inexhaustible  and  the  only  source  of  food 
for  all  the  inhabitants  of  the  ocean.  The  supply  is  primeval  as  well  as 
inexhaustible,  and  all  the  life  of  the  ocoin  has  gradually  taken  shape 
ill  direct  dependence  niiou  it.  In  view  of  these  facts  we  can  not  but 
be  profoundly  impressed  by  the  thought  that  all  the  highly  organized 
marine  animals  are  products  of  tlie  bottom  or  tbe  shore  or  the  land, 
and  that  while  the  largest  animals  on  earth  are  pelagic  the  few  which 
are  primitively  pelagic  are  small  and  simple.  The  reason  is  obvious. 
The  conditions  of  life  at  the  surface  are  so  easy  that  there  is  little 
fierce  competition,  and  the  inorganic  environment  is  so  simple  that 
there  is  little  chance  for  diversity  of  habits. 

The  growth  of  terrestrial  i)lant»  is  limited  by  the  scarcity  of  food, 
but  there  is  no  such  limit  to  the  growth  of  pelagic  plants  or  the  animal 


T  JIM  Tccii  in  -'nnm.  .a»i  -r-mi^  tfatt  balanee  of  life  ib  no  tfambt  »djiuted 
tv  iiiBiM^rjKi  nir  ''i—*i  ".m  ^  iwvpr  wxy  Sasne.  evut  at  the  {vcaoit 
t^y.  woMi  -U<*  M-raa  -iw^.u-ais  widk  iiitdily  •mstaized  waadenrs  from 
-tM^  'mni'iu  uiti  ~bc  -iit>Tv.  E~«i  iit>w  tht'  lieainieGioa  or  escape  of  a 
■nuTn*»-ntf  Tr:..jr».'  •r.raaism  ■iepouis  wgma  rhe  aeodoital  proximity 
>r  riMDcrcMc-—  >£  mi  -nemv  rncJt^r  riiaa  optm  defease  i>r  proCectioQ,  uid 
-tuTTTvai  .»   it^rtHTUiUt^l  ay  ^njtrx  wLiCtyna  radici:  thao  a  straggle  for 


Hit*  .ii<)iU(i;ui<-i*  <i  :iMHt  la  «ii<}<ni  35-  die  caae  with  vbicb  wjuidaerg 
'r<>iB  '.If  ',iU'M.  'S^-f  -^A  Jirii.s.  dud  piiu.'vs  fer  cbcmaeiTes  in  tbe  ocean, 
liiii  :iw?  ?:i:)ii.:r-  wrii  ™^  ii>  Li  tI!.-?  4pr«a*l  ot^  iD  wboie  extent. 

.1:4  ;t  3uu-ne  ^i::ii:L^  'lif  :n.-i«t.-[  SAiubiUcs  mntt  be  tctt  modotn  as 
•i>m'>ar^L  x-rii  ii<>!^^  pi'Lit^r  :>>[7iia.  y*ii  it  hai»  apccad  onr  all  tn^Hcal 
a:tii  -tii.'rr'ri.-^u  «f:k'<  .u!<i  it  sur  ^bT-^ys  be  &>aiul  skimming  over  the 
^iir!i»if  .»t  3i;ti  •t-vAA  ^  mil  i  ^z  hunie  ai^  a  G«Tii  in  a  pood.  I  never 
S'limi  ;r  Ai's*-:!-  ji  :ae  t-i-f  Srrwiai  when  •.■oatUtimis  were  ^Torable  for 

TV  «isv  .'■ia.-^v.;r  't'  'fU^."'  L:''-  :■■*  sliown  by  the  Cict  that  tbe  larr* 
of  ::'.::;t:!:eriL  if  i:l.:<.'.:l1;?  ir<nx  :iie  !.<•  ct>  m  and  the  abore  have  retained 
Tdfir  pf  i,b^:o  a-il .-,  imi  I  *a.ill  ■^>  d  z'.vh  leasons  fiw  believing  that  the 
Urvi .'{"  A  -li'-rt  ^r.  tu.u  :•*  -ijii'pr  ai  -*a  iban  neat  tbe  shore. 

TlnMv  WA.*  ;.::;<?  <"  [^•r-.i-.-.'j  La  th*-  primiiiTc  pelagic  &nna  and  flora 
Ct  ail  oriTiKi^iii  !•>  Jr.i::i  .■':::^r:"r::y  by  seizing  apon  an  advantageous 
^;v.>r  hv  Atty.i-.r.z:^  pt^-.:'.:M  h.iliis.  for  one  place  was  like  another,  and 
Pfi-u'.j.kr  h.klKC»  i-iu.'.ii  i.i'u::r  f<>r  I;:c<e  in  comparisMi  with  accidental 
sjiA.-*  rvLui. 'i'.-*.  Artrt  tl.e  i.iz.-^A  nf  tlie  surface  had  been  enriched  bj 
itil  ttie  m.irii.e  a:u:ii.hl-'<  vl::<-li  h.ive  become  secondarily  adapted  to 
liehkjni*  III'*".  <i>ai;M-tini'U  with  ih-tse  improved  forms  broaght  aboat 
impn»veiufnts  in  tluvse  wiiiih  wtrv  strictly  pelagic  in  origin,  like  tlie 
siT>li>iDopli<>rvs.  .inil  tliose  vao'ler^n'  trom  tbe  bottom  introduced  another 
fii'ctor  iiiM  tlie  evolntii>n  of  )>ehif;ic  life,  ttx  their  bodies  have  been 
iititi^e^l  for  protwtii>n  or  roin-calinent  and  in  other  ways,  and  we  now 
hitve  fishes  nbirli  litde  in  the  i>oison  curtain  of  Pbysalia,  Crustacea 
which  live  in  tlie  pharynx  of  S»li)»  or  in  the  month  of  the  menhaden, 
baniaclc.t  and  suckin;;  fish  f;i«tencd  to  whales  and  turtles,  besides  a 
host  of  externa!  and  iotcrnal  parasitca.  The  primitive  ocean  furnished 
no  HUch  opportunity,  and  tlie  conditions  of  pelagic  life  must  at  first 
have  been  very  simple,  and  while  competition  was  not  entirely  absent 
the  jwHsibilitiv^  of  evolution  must  have  been  extremely  limited  and 
the  progress  of  divergent  modificjition  very  alow  so  long  as  all  life  was 
re»trict«<l  to  tbe  waters  of  the  ocean. 

Tliero  can  be  no  doubt  that  floating  life  was  abundant  for  along 
p4«riod  when  tbe  bottom  wiis  uninhabited.  The  slow  geological  changes 
by  which  tbe  earth  gradually  assumed  its  present  character  present  a 
bound IcMH  Held  fur  Npecubition,  but  there  can  be  no  doubt  that  the  snr- 
fiK'o  of  tliti  primeval  outran  became,  fit  for  living  things  long  before  tbe 
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deeper  waters  or  the  sea  floor,  and  duriog  this  i)eriod  tlie  proper  cod- 
ditioiis  for  the  production  of  large  and  com|ilicate<l  orgaiiistDS  did  not 
exi.st,  and  even  after  the  total  amount  of  life  had  become  very  great  it 
must  have  consiated  of  organisms  of  small  size  and  simple  structure. 

Marine  life  is  older  than  terrestrial  life,  an<l  an  nil  marine  life  has 
shaped  itself  ui  relation  to  the  pelagic  food  sap)>ly,  this  itself  is  the 
only  form  of  life  which  is  independent,  and  it  must  therefore  be  the  old- 
eat.  There  must  have  been  a  long  i>eriod  in  primeval  times  when  there 
was  a  pelagic  fauna  and  flora  rich  beyond  limit  in  individuals,  but 
made  np  of  only  a  few  simple  types.  During  this  time  the  pelagic 
ancestors  of  all  the  great  groups  of  animals  were  slowly  evolved,  as 
well  as  other  forms  which  have  left  no  descendants.  So  long  as  life 
was  restricted  to  the  surface  no  great  or  rapid  advancement,  through 
the  influences  which  now  modify  si>ecies,  was  possible,  and  we  know 
of  no  other  influenceswbich  might  have  replaced  them.  We  are  there- 
fore forced  to  believe  tbut  the  difTerentiatiou  and  improvement  of  the 
primitive  flora  and  fauna  was  slow,  and  that,  for  a  vast  period  of  time, 
life  consisted  of 'an  innumerable  multitude  of  minute  and  simple  pelagic 
organisms.  During  the  time  which  it  took  to  form  the  thick  beds  of 
older  sedimentary  rocks,  the  physical  conditions  of  the  ocean  gradu- 
ally took  their  present  form,  and  during  a  part,  at  least,  of  this  i)eriod 
the  total  amount  of  life  in  the  ocean  may  have  been  very  nearly  as  great 
as  it  is  now  without  leaving  any  permanent  record  of  its  existence,  for 
no  rapid  advance  took  place  until  the  advantages  of  life  on  the  bottom 
were  discovered. 

We  must  not  think  of  the  populating  of  the  bottom  as  a  physical 
problem,  but  as  discovery  and  colonization,  very  much  like  the  coloni- 
zation of  islands.  Physical  conditions  for  a  long  time  made  it  impossi- 
ble, bat  its  initiation  was  the  result  of  biological  induences,  and  there 
is  no  reason  why  its  starting  point  should  necessarily  be  the  point  where 
the  physical  obstacles  first  disappeared.  It  is  useless  to  speculate  upon 
the  Datnre  of  the  physical  obstacles;  there  is  reason  to  think  one  of 
tlium,  probably  an  important  one,  was  the  deficiency  of  oxygen  in  deep 
water. 

Whatever  their  character  may  have  been  they  were  all,  no  doubt,  of 
such  a  nature  that  they  firat  disappeared  in  the  shallow  water  around 
the  coast,  but  it  is  not  probable  that  bottom  life  was  first  established 
in  shallow  water,  or  before  the  physical  conditions  had  become  favor- 
able at  considerable  depths. 

The  sediment  near  the  shore  is  destrnctive  to  most  surface  animals, 
and  recent  explorations  have  shown  that  a  stratum  of  water  of  very 
great  thickness  is  necessary  for  the  complete  development  of  the  float 
ing  microscopic  fauna  and  flora,  and  it  is  a  mistake  to  picture  them  as 
confined  to  a  thin  surface  stratum.  Pelagic  plants  probably  flourished 
as  far  down  as  light  penetrates,  aud  pelagic  animals  are  abundant  at 
very  great  depths.  As  the  earliest  bottom  animals  must  have  depended 
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directly  npou  tbe  floating  orgaiiiHins  for  fowl,  it  is  not  probable  titat 
tbey  first  extablisliect  tbemselves  in  sballow  nater,  wliere  tbe  food  sap- 
ply  is  both  scauty  aod  mixed  witb  sedimeut;  nor  is  it  probable  that 
their  establiBhinent  was  delayed  aotil  tbe  great  depths  had  beeome 
favorable  to  life. 

Tbe  "belta  around  elevated  areas  far  enoogh  fh>m  sbore  to  be  firee 
from  sedimctit,  aud  deep  enough  to  permit  tbe  pelagic  fauna  to  reach 
its  full  developmout  above  them,  are  the  most  favorable  spots,  and 
paleontologicttl  evidenue  sliow^  that  they  vere  seized  upon  very  early 
in  tbe  history  of  life  on  the  bottom. 

It  is  probable  that  colony  after  colony  was  established  on  the  bottom 
and  afterwards  swept  away  by  geological  change  like  a  cloud  before 
the  wind,  and  that  the  bottom  fauns  which  we  know  was  not  tbe  first. 
Colonies  which  started  in  shallow  water  were  esposed  to  accidents  firom 
wbicb  those  in  great  depths  were  free ;  and  in  view  of  our  knowledge  of 
tbe  permanency  of  the  sea  floor  and  of  tbe  broad  outlines  of  tbe  couti- 
neiits,  it  is  not  impossible  that  the  first  fauna  which  became  established 
in  the  deep  zone  around  tbe  continents  may  have  persisteil  aud  given 
rise  to  modern  animals.  However  this  may  be,  we  mast  regard  this 
deep  zone  as  tbe  birthplace  of  the  fauna  wbicb  has-  survived,  as  tbe 
ancestral  home  of  all  the  improved  metazoa. 

The  effect  of  life  upon  the  bottom  is  more  interesting  than  the  place 
where  it  began,  and  we  are  now  to  consider  its  influence  upon  animals, 
all  whose  ancestors  and  competitors  and  enemies  hail  previously  beeu 
pelagic.  The  cold,  dark,  silent,  quiet  depths  of  the  sea  are  monotonons 
compared  with  the  land,  but  they  introduced  many  new  (actors  iiito 
the  course  of  organic  evolution. 

It  is  doubtful  whether  tlie  animals  which  first  settled  on  the  bottom 
secured  any  more  food  than  floating  ones,  but  they  undoubtedly  obtained 
it  witb  less  effort,  and  were  able  to  devote  tbeir  superfluous  energy  to 
growth  and  to  multiplication,  and  thus  to  become  larger  aud  to  increase 
in  numbers  faster  than  pelagic  animals.  Their  sedentary  life  mast  have 
been  favorable  to  both  sexual  and  asexual  multiplication,  and  the  tend- 
ency to  increase  by  budding  must  have  been  quickly  rendered  more 
active,  aud  one  of  the  first  results  of  life  on  the  bottom  must  have  been 
to  promote  the  tendency  to  form  connected  cormi,  and  to  retaiu  the  con- 
nection between  the  parent  and  the  bud  until  tbe  latter  was  able  to 
obtain  its  own  food  aud  to  care  for  itself.  Tbe  animals  wbicb  first 
acquired  the  habit  of  resting  on  the  bottom  soon  began  to  multiply 
faster  than  their  swimming  allies,  and  their  asexnally  produced  progeny, 
remaining  for  a  longer  time  attached  to  and  nourished  by  the  parent 
stuck,  were  much  more  favorably  placed  for  rapid  growth.  As  the 
animals  of  the  bottom  live  on  a  surface,  or  at  least  a  thiu  stratunir 
while  swimming  animals  are  distributed  through  solid  space,  tbe  rapid 
multiplication  of  bottom  animals  must  soon  have  led  to  crowdiDg  and 
to  competition,  aud  it  quickly  became  harder  and  harder  for  new  forms 


n,g:,.-ndtyG00glc 


ICE  ORIOIM  OF  THE  OLDEST  F0BSIL6.  371 

from  the  open  water  to  force  tbemselvea  in  among  tbe  old  ones,  and 
colonization  soon  eame  to  an  end. 

The  great  antiquity  of  all  the  types  of  strncture  whicli  are  repre- 
Beoted  among  modern  animaln  is  therefore  what  we  should  expect,  for 
after  the  foundation  of  the  fanna  of  the  bottom  was  laid  it  became,  and 
has  ever  since  remained,  difficult  for  new  forma  to  establish  themselves. 

Most  of  our  knowledge  of  the  sea  bottom  is  from  three  sources:  From 
dredgings  and  other  cKplorations,  from  rocks  which  were  formed  beyond 
the  immediate  indaence  of  continents,  and  from  the  patches  of  the 
bottom  fauna  which  have  gradually  been  brought  near  its  surface  by 
the  growth  of  coral  reefs,  and  from  all  these  soarces  we  have  testimony 
to  the  density  of  the  crowd  of  animals  on  favorable  spots.  Deep-sea 
explorations  give  only  the  most  scanty  basis  for  a  picture  of  tbe  sea 
bottom,  but  tbey  show  that  animal  life  may  thrive  with  tbe  dense  luxuri- 
ance of  tropical  vegetation,  and  Sir  Wyville  Thomson  says  he  once 
broQgbt  np  at  one  time  on  a  tangle,  which  was  fastened  to  a  dredge, 
over  twenty  thousand  specimens  of  a  single  species  of  sea-utchiii.  The 
number  of  remains  of  paleozoic  crinoids  and  brachiopods  and  trilobites 
which  are  crowdctl  into  a  single  slab  of  flue-grained  limestone  is  most 
astounding,  and  it  testifies  most  vividly  and  tbrcibly  to  the  wealth  of 
life  on  tbe  old  sea  fioor. 

No  description  can  convey  any  adequate  conception  of  the  boundless 
luxuriance  of  a  coral  island,  but  nothing  else  gives  such  a  vivid  picture 
of  tbe  capacity  of  tbe  sea  fioor  for  supporting  li'fe.  Marine  plants  are 
not  abundant  on  coral  islands  and  the  animals  depend  either  directly 
or  indirectly  npon  the  jielagic  food  supply,  so  that  tbeir  life  is  the  same 
in  this  respect  as  that  of  animals  in  the  deep  sea  far  from  land. 

The  abundant  life  is  not  restricted  to  tlie  growing  edge  of  the  reef, 
and  tbe  inner  lagoons  are  often  like  crowded  aquaria.  At  Nassau  my 
party  of  eight  persons  found  so  much  to  study  on  a  little  reef  in  a  lagoon 
close  to  our  laboratory  that  we  discovered  novelties  every  divy  for  four 
months,  and  our  explorations  seldom  curried  iis  beyond  this  little  tract 
of  bottom.  Every  inch  of  tbe  bottom  was  car)>eted  with  living  animals, 
while  others  were  darting  alK>ut  among  tbe  corals  and  gnrgnnias  in  all 
directions;  but  this  was  not  all,  for  the  solid  rock  was  honeycombed 
everywhere  by  tubes  and  burrowR,  and  when  bi'okeu  to  pieces  with  a 
hammer  each  mass  of  coral  gave  us  specimens  of  nearly  every  gieat 
group  in  the  animal  kingdom.  Fishes,  Crustacea,  annelids,  mollusca, 
ecbinoderms,  hydro  ids  and  spongescouldbepickedontof  thef^agments 
and  the  abundance  of  life  inside  the  solid  rock  was  most  wonderful. 

The  absence  of  pelagic  life  in  the  landlocked  water  of  coral  islands 
is  as  impressive  and  noteworthy  as  the  luxuriance  of  life  upon  and  near 
tbe  bottom. 

On  my  first  visit  to  tbe  Bahama  Islands  I  was  sa4lly  (lisap|>ointed  by 
tbe  absence  of  i>e1agic  animals  where  ^11  ti)o  fMHiditions  seemed  to  be 
peculiarly  favorable, 
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The  deep  ocean  is  so  near  that,  as  one  cruises  throngli  tlie  inner  soands 
past  the  openings  between  tlie  islets  which  form  the  oater  barrier, 
tlie  deep  blue  water  of  mid-ocean  is  seen  to  meet  the  white  sand  of  the 
beach,  and  Koundings  show  that  the  oater  edge  is  a  precipice  as  high 
as  the  side  of  Ohimborazo  and  mnch  steeper. 

Nowhere  else  in  the  world  is  the  pure  water  of  the  deep  sea  foaod 
nearer  land  or  more  free  from  sediment,  and  on  the  days  when  the 
weather  was  favorable  for  outside  collecting  we  found  siphonopbores 
and  pteropods,  pelagic  moUasks  and  Crustacea  and  tunicatos  and  all 
BortB  of  pelagic  larvfe  in  great  abundance  in  the  open  water  just  ontside 
tiie  inlets. 

Inside  the  barrier  the  water  was  always  calm,  and  day  after  day  it 
was  as  smooth  as  the  surface  of  an  inland  lake.  When  I  first  entered 
one  of  tliese  beautiful  sounds,  where  the  calm,  transparent  watur 
stretches  as  far  tlie  eye  can  reach,  while  new  beauties  of  islets  and 
winding  channels  open  before  one  as  those  which  are  passed  fade  away 
on  the  horizon,  I  felt  sure  that  I  had  at  last  found  a  place  where  the 
pelagic  fauna  of  mid-ocean  could  be  gathered  atour  door  and  studied  on 
shore.  The  water  proved  to  be  not  only  as  pure  as  air  bnt  almost  as 
empty.  At  high  water  we  sometimes  captured  a  few  pelagic  animals 
near  the  inlets,  but  we  dragged  our  surface  nets  through  the  sounds  day 
after  day  only  to  find  them  as  clean  as  if  they  had  been  hung  in  the 
wind  to  dry.  The  water  in  which  we  washed  them  usnally  remained  as 
pure  and  empty  as  if  it  had  been  filtered,  and  we  often  returned  from 
our  touring  espeditiuns  without  even  a  copepod  or  a  zoea  or  a  plnteus. 

The  absence  of  the  floating  larvie  is  most  remarkable,  for  the  sounds 
swarm  with  bottom  animals  which  give  birth  every  day  to  millions  of 
swimming  larva;.  The  mangrove  swamps  and  the  rocky  shores  are 
fairly  alive  with  crabs  carrying  eggs  at  all  stages  of  development,  and 
the  boat  passes  over  great  black  patches  of  sea-urchins  crowded 
together  by  thousands.  The  number  of  animuls  engaged  in  laying 
their  eggs  or  hatching  their  young  is  infinite,  yet  we  rarely  captured 
any  larvie  in  the  tow  net,  and  most  of  these  we  did  find  were  well 
advanced  and  nearly  through  their  larval  life. 

It  is  often  said  that  the  water  of  coral  sounds  is  too  fall  of  time  to 
be  inhabited  by  the  animals  of  the  ojien  o<rean,  but  this  is  a  mistake, 
for  the  water  is  ]ierfectly  fit  for  supporting  the  most  delicate  and  sensi- 
tive animals,  and  those  which  we  caught  outside  lived  in  the  bouse  in 
water  from  tlie  sounds  better  than  in  any  other  place  where  I  ever  tried 
to  keep  tliem,  and  instead  of  being  injurious  the  pure  water  of  cvral 
spnnds  is  peculiarly  favorable  for  use  in  aquaria  for  surface  animals. 

The  scarcity  of  floating  organisms  can  have  only  one  explanation. 

They  are  eaten  up,  and  'competition  for  food  is  so  fierce  that  nearly 

every  organism  wliich  is  swept  in  by  the  tide  and  nearly  every  larva 

which  is  born  io  the  sounds  is  snatched  by  the  tentacles  around  some 

■mgry  mouth. 
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yotbing  could  illustrate  tlie  fierceness  of  tlie  sCrnggle  for  food  among 
the  animals  on  a  crowded  sea  bottom  more  vividly  than  tfab  emptiness 
of  tbe  water  in  coral  sounds  wbere  tbe  bottom  is  practically  one  enor- 
mous mouth.  Tbe  only  larvie  whicfa  bave  much  cLance  to  establish 
themselves  for  life  are  those  which  are  so  fortunate  as  to  be  swept  out 
into  the  open  ocean,  where  tbey  can  complete  their  larval  life  under  the 
milder  competition  of  the  pelagic  fauna,  and  while  it  is  usually  stated 
that  tbe  lame  of  bottom  animals  have  retitined  the  pelagic  habit  for 
the  pur|>ose  of  distribnting  tbe  s|)ectes,  it  is  more  probable  that  it  has 
been  retained  on  account  of  its  comparative  safety. 

These  facts  show  that  coiu|ietition  must  huve  citme  quickly  after  the 
establishment  of  the  tirst  fauna  on  the  bottom,  <iud  that  it  soon  became 
very  rigorous  and  led  to  severe  selection  and  rapid  modification ;  and 
we  must  also  remember  that  bfe  on  the  bottom  brought  with  it  many 
new  opportunities  for  divergent  specialization  and  im|irovement.  The 
increase  in  size  which  came  with  economy  of  energy  increased  the  possi- 
bilities of  variation  and  led  to  the  natural  selection  of  )>ecnliaritie8  which 
improved  the  efficacy  of  tbe  various  parts  of  the  body  in  their  fiinrtiooa 
of  relation  to  each  other,  and  this  has  been  an  important  factor  in  the 
evolution  of  complicated  organisms. 

Tbe  new  mode  of  life  also  permitted  the  acquisition  of  protective 
shells,  hard-supporting  skeletons,  and  other  imperishable  parts,  and 
it  is  therefore  probable  that  the  bistx>ry  of  evolution  in  later  times 
gives  no  index  as  to  the  period  which  was  required  to  evolve  from  small, 
simple  pelagic  ancestors  the  oldest  animals  which  were  likely  to  be  pre- 
served as  fossils. 

Life  on  the  bottom  also  introduced  another  imimrtant  evolntionary 
induence — competition  between  blood-relations.  In  thoseanimals  which 
we  know  most  intimately,  divergent  modification,  with  the  extinction  of 
connecting  forms,  results  from  tbe  fact  that  the  fiercest  competitors  of 
each  animal  are  its  closest  allies,  which,  having  the  same  habits,  living 
upon  tbe  same  food,  and  avoiding  enemies  in  the  same  way,  are  con- 
stantly striving  to  hold  exclusive  possession  of  all  that  is  essential  to 
their  welfare. 

When  a  stock  gives  rise  to  two  divergent  branches,  each  escapes 
competition  with  the  other  so  far  as  they  differ  in  structure  or  habits, 
while  the  parent  stock  com]>eting  with  both  at  a  disadvantage  is  exter- 
minated. 

Among  the  animals  which  we  know  best,  evolntion  leads  to  a  branch- 
ing tree-like  genealogy,  with  the  topmost  twigs  represented  by  living 
animals,  while  the  rest  of  the  tree  is  buried  in  the  dead  past.  Tbe 
connecting  form  between  two  species  must  ttierefore  be  sought  in 
the  records  of  the  past  or  reconstructed  by  comparison.  Even  at  the 
present  day  things  are  somewhat  different  in  the  opeu  ocean,  and  they 
must  have  been  very  different  in  the  primitive  ocean,  for  a  pelagic 
animal  has  no  fixed  home,  one  locality  is  like  another,  and  tbe  compet- 
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itors  and  enemies  of  each  iiidividua)  are  deterriiitied  in  great  part  by 
accideiita.  We  accordingly  find,  even  now,  tliat  tlie  evolution  of 
pelagic  animals  is  often  linear  instead  of  divergent,  and  ancient  forms, 
such  as  the  sbarket,  often  live  on  Bide  by  side  with  the  later  and  more 
evolved  forms.  The  radiolariuns  and  medusa)  and  siphonophores  fur- 
nish many  well-kuowD  illustrations  of  this  feitture  of  pelagic  life. 

Xo  natnralist  is  stirprised  to  find  in  the  South  Pacific  or  in  the  Indian 
Ocean  a  Salpa  or  a  pelagic  crustacean  or  a  surface  fish  or  a  whale  which 
was  previously  known  only  from  the  North  Atlantic,  and  the  list  of 
species  of  marine  animals  which  are  found  in  all  »ca8  is  a  very  long 
one.  The  fact  that  pelagic  animals  are  so  independent  of  those  laws  of 
geographical  distribution  which  limit  land  animals  is  additional  evi- 
dence of  the  easy  character  of  the  conditions  of  pelagic  life. 

One  of  the  first  results  of  life  ou  the  bottom  was  to  increase  a  sexual 
multiplication  and  to  lengthen  the  time  during  which  bnds  remain 
united  to  aud  nourished  by  their  pareut»,  and  to  crowd  individuals  of 
the  same  species  together  aud  to  canse  competition  between  relations. 
We  have  in  this  and  other  obvious  peculiarities  of  life  on  the  bottom  a 
sufficient  explanation  of  the  fact  that  since  the  first  establishment  of 
the  bottom  fauna,  evolution  has  resulted  in  the  elaboration  and  diver- 
gent specialization  of  the  tyi>es  of  structure  which  were  already  estab- 
lished rather  than  the  production  of  now  types. 

Another  result  of  the  struggle  for  existence  on  the  bottom  was  the 
escape  of  varieties  from  competition  with  their  allies  by  flight  from  the 
crowded  spots  and  a  return  to  the  open  water  above;  just  as  in  later 
times  the  whales  aud  sea  birds  have  gone  back  from  the  laud  to  the 
ocean. 

These  emigrants,  like  the  civilized  men  who  invade  the  homes  of 
peucelhl  islanders,  brought  with  them  the  iniprovemeuts  which  bad 
come  from  fierce  competition,  and  they  have  carried  everything  before 
them  and  produced  a  great  change  iu  the  pelagic  fauna. 

Tlie  rapid  intellectual  development  which  has  taken  place  among  the 
mammals  siuce  the  Middle  Tertiary,  and  the  rai>i<l  structural  changes 
which  took  place  in  animals  and  plants  when  the  land  fauna  aud  flora 
were  established,  are  well  kuown,  but  the  fact  that  the  discovery  of  the 
bottom  initiated  a  much  earlier  and  probably  more  im{>ortant  era  of 
rapid  development  in  the  forms  of  animal  life  has  never  been  pointed  out. 

If  this  view  is  correct  the  primitive  fauna  of  the  bottom  must  have 
had  the  following  clianicteristics : 

(1)  It  was  entirely  animal,  without  plants,  aud  it  at  first  depended 
directly  upon  the  pelagic  food  supply. 

(2)  It  was  established  around  elevated  areas  in  water  deep  enough 
to  be  beyond  the  infiuence  of  the  shore. 

'.'{)  Tlie  great  groups  of  animals  were  rapidly  established  trom  pelagic 
'st«rs. 
'the  animals  of  the  bottom  rapidly  increased  iu  size  aud  hard 
were  quickly  acquired.  ;  CiOOqIc 
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(5)  The  bottom  fauna  soon  produced  progrosBive  development  among 
pelagic  snima'B. 

(6)  Alter  the  establisbment  of  the  fauna  of  tlie  bottom  elaboration 
and  differentiation  among  the  representatives  of  each  primitive  type 
soon  set  in  and  led  to  the  extinction  of  connecting  forms. 

Many  of  the  oldest  fossils  like  the  pteropods  are  the  modified 
descendants  of  ancestors  with  bard  part«,  and  there  is  no  reason  to 
suppose  that  the  first  animals  which  were  capable  of  preservation  as 
fossils  have  been  discovered,  bnt  it  is  interesting  to  note  that  the  oldest 
kDoim  fanna  is  an  unmistakable  approximation  to  the  primitive  fauna 
of  the  bottom. 

The  Lower  Cambrian  fossils  are  distributed  through  strata  more 
than  2  miles  thick,  some,  at  least,  of  them  showing  by  their  fine  grain 
and  by  the  perfect  preservation  of  tracks  and  burrows  which  were 
made  in  soft  mud,  and  of  soft  anima]»  like  jelly-fish,  that  they  were 
deposited  in  water  of  considerable  depth.  The  sediment  was  laid  down 
slowly  and  gently  in  water  bo  deep  as  to  be  free  irom  disturbance  and 
nnder  conditions  so  favorable  that  it  contains  the  remains  of  delicate 
animals  not  often  found  as  fossils. 

While  tlie  fanna  of  the  Lower  Cambrian  undoubtedly  lived  in  water 
of  very  considerable  depth,  it  was  not  oceanic  but  continental,  for  we 
are  told  by  Walcott  that  "one  of  the  most  important  conclusious  is 
that  the  fauna  of  the  Lower  Cambrian  lived  on  the  eastern  and  west- 
ern shores  of  a  continent  that  in  it»  general  configuration  outlines  the 
American  continent  of  to-day."  "  Strictly  speaking,  the  fauna  did  not 
Uve  upon  the  outer  shore  facing  the  ocean,  but  ou  the  nhores  of  interior 
seas,  straits  or  lagoons  that  occupied  the  intervals  between  the  several 
ridges  that  ran  irom  the  central  platform  east  and  west  of  the  main 
continental  land  surface  of  the  time. 

This  fauna  was  rich  and  varied,  but  it  was  not  self-supiiorting,  for 
no  fossil  plants  are  found,  and  the  primary  food  supply  was  pohigic. 
Animals  adapted  for  a  rapacious  life,  such  as  the  pteropods,  were 
abnndant,  and  prove  the  existence  of  a  rich  supply  of  pelagic  animals. 
All  the  forms  known  fi-oni  the  fossils  are  either  carnivorous,  like  the 
medusiE,  corals,  cruBtacea,  and  trilobites,  or  they  are  adapted,  like  the 
sponges,  brachiopods,  and  laniellibranehs,  for  straining  minute  organ- 
isms out  of  the  water  or  for  gathering  those  which  rained  down  from 
above,  aiid  the  conditions  under  which  they  lived  were  very  similar  to 
those  on  the  bottom  at  the  present  day. 

Walcott's  studies  show  that  the  earliest  known  fanna  had  the  follow- 
ing characteristics:  It  consisted,  so  far  as  the  record  Mhows,  of  animals 
alone,  and  these  were  dependent  upon  the  pelagic  food  supply  for  sor- 
port.  While  small  in  comparison  with  many  modern  animals,  they 
were  gigantic  compared  with  primitive  ])elagic  animals.  The  sjiecies 
were  few,  but  they  represent  a  very  wide  range  of  types.  All  these 
types  have  modern  representatives,  and  most  of  the  modem  types  are 
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represeBted  in  the  Lower  Cambrian.  Their  home  was  not  the  bottom 
of  the  deep  ocean,  but  the  shores  of  a  continent  nnder  water  of  consid- 
erable depth. 

The  Cambrian  fauna  is  usnally  regarded  as  a  halfway  station  in  a 
series  of  animal  forms  which  stretches  backward  into  the  past  for  an 
immeasurable  period,  and  it  is  even  stated  that  the  history  of  life 
before  the  Cambrian  is  larger  by  many  fold  than  its  history  since.  So 
far  as  this  ojunion  rests  on  the  diversity  of  types  in  Cambrian  times, 
it  has  no  good  basis;  for  if  the  views  here  advocated  are  correct  thu 
evolution  of  the  ancestral  stems  took  place  at  the  surface,  and  all  tiie 
conditions  necessary  for  the  rapid  production  of  types  were  present 
when  the  bottom  fauna  first  became  established. 

As  we  pasB  backward  toward  the  Lower  Cambrian  we  find  closer  and 
closer  agreement  with  the  zoological  conception  of  the  character  of 
primitive  life  on  the  bottom.  While  we  can  not  regard  the  oldest  fauua 
whieli  has  been  discovered  as  the  first  which  existed  on  the  bottom,  we 
may  feel  confident  that  the  first  fauna  of  the  bottom  resembled  that  of 
the  Lower  Cambrian  iu  its  physical  conditions  and  in  its  most  distinc- 
tive peculiarities — the  abundance  of  tyi)es,  and  the  slight  amount  of 
diBercutiatiou  among  the  representatives  of  these  types — and  we  nmst 
regard  it  as  a  decided  and  unmistakable  approximation  to  the  begin- 
ning of  the  nKHleni  fauna  of  the  earth,  aa  distinguished  from  the  more 
I'.ncient  and  simple  fauua  of  the  open  ocean. 
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THE   RELATIONS   OF  PHYSIOLOGY  TO    CHEMISTRY   AND 
MORPHOLOGY." 


By  GiULio  Fano. 


Owing  to  advances  in  metliods  of  rescM^b,  to  the  increase  in  the 
aggregate  of  facts  acquired  by  science,  and  to  tbe  ever  more  thorongh 
study  of  scientific  systems  concerning  living  beings,  we  have  become 
more  and  more  exacting  as  to  tbo  interpretations — always,  unfortu- 
nately, doubtful — to  be  given  to  physiological  facts.  We  have  sought 
to  replace  the  theory  of  vital  force  by  a  physico  chemical  theory  of  life; 
to  put  in  the  place  of  a  mysterioas  and  impalpable  entity  a  confusion  of 
material  elements,  which  in  their  turn  assume  mysterious  and  impon- 
derable characters  as  soon  as  we  attempt  to  define  them  in  any  way. 

Bat  while  it  is  tme  that  the  Fundamental  doctrine  of  physics  and 
chemistry  could  not  itself  stand  a  searching  analysis,  yet  there  is  no 
doubt  that  it  rei)re8ent6  in  the  hierarchy  of  science  the  higher  grade  of 
development  now  attained  by  our  methods  of  investigation.  The  rapid 
progress  of  these  branches  of  science  is  probably  chiefly  duo  to  the 
relative  simplicity  of  the  problems  with  which  they  have  to  deal,  but  in 
any  case  they  are  considered  as  the  rational  basis  of  a  considerable 
number  of  researches  undertaken  by  physiology  for  tbe  purpose  of 
defining  scientifically  the  phenomena  of  life.  Let  us  not  forget,  how- 
ever,  that  physics  and  chemistry  have  yet  far  to  go  before  they  become 
free,  if  indeed  they  ever  do,  from  the  shackles  of  empiricism;  before 
they  are  able  to  reduce  every  phenomenon  to  the  simple  expression  of 
time,  space,  and  force,  and  to  the  derivatives  therefrom— energy,  veloc- 
ity, and  mass;  and  that  under  the  names  attraction,  affinity,  conclucti- 
bility,  etc.,  are  hidden  things  no  less  obscure  than  are  the  plienomena 
of  life.  However  this  may  be,  since  we  can  not  conceive  of  a  mechan- 
ical basis  of  psychic  facts,  we  ougli  t  nevertheless  to  admit  that,  with  the 
exception  of  consciousness,  all  expressions  of  function,  infinite  and  com- 
plex as  they  are,  may  be  comprehended  among  physico-chemical  phe- 


'Ad  iuBugnral  adilress  (^iven  at  the  commeii cement  of  the  phyBiolagical  course  at 
the  Institute  foT  HJgber  Inntrnctioii  at  FloreDce.  Traniilated  Irom  the  ReTue  Seien- 
Utique,  1894,  VoL  II,  4th  Mr.,  pages  267-264. 
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nomeoa,  if  we  allow  tiiat  the  physics  and  chemistry  iuvolred  have 
special  characters  of  their  own,  and  that  they  freqnently  are  mechan- 
ical  ID  their  operations,  and  that  the  effects  produced  by  them  are  of  a 
quite  pecaliiur  uature. 

It  was  in  accordance  with  the  natural  development  of  human  thought 
that  physiologists  should  first  be  led  to  examine  tbe  physical  phe- 
nomena of  life,  or  to  look  to  physics  for  explanations  by  analogy,  and 
that,  in  spite  of  the  most  serious  objections,  it  was  only  later  that  they 
took  up  the  chemical  side  of  biological  questions,  trying  to  give  a  con- 
ception of  them  based  upon  the  mechanism  of  atoms.  In  short,  it  may 
be  said  titat  since  that  has  been  done  many  problems  of  physiology  are 
treated  from  the  standpoint  of  chemistry,  and  that  we  resort  to  that 
science  for  wbat  many  believe  to  be  the  latest  intelligence  concerning 
the  manifestations  of  life. 

A  quite  characteristic  example  of  tbe  development  of  the  general 
ideas  that  controlled  and  still  control  physiology  is  found,  among  many 
others,  in  the  theory  which  attempts  to  account  for  a  phenomenon  of 
great  interest,  and  now  much  studied,  that  of  inhibition.  Yon  know 
that  by  inhibition  we  designate  the  arrest  of  a  functional  act  Induced 
by  an  antagonistic  act,  but  not,  as  in  paralysis,  by  suppressing  totally 
or  in  part  the  conditions  producing  the  phenomenon.  Wo  have  a  well- 
known  example  of  it  iu  the  action  of  the  pneumogastrtc  nerve  upon 
the  heart.  Whenever  that  nerve  is  excited  by  a  sufUciently  powerful 
stimulant,  the  movements  of  the  heart  cease,  returning  ngain  as  soon 
as  the  excitation  is  withdrawn  or  the  forceof  the  nerve  exhausted.  In 
this  case  we  have  produced  by  means  of  an  excitant  a  nervous  vibra- 
tion, which,  elaborated  in  certain  ganglia  situated  in  the  substance  of 
the  heart,  neutralizes  tbe  action  of  tbe  excito-motor  cells.  This  con- 
clusive experiment,  first  made  in  1846  by  tho  brothers  Weber,'  encoun- 
teitsd  objections  based,  it  must  be  confessed,  upon  a  prejudice  arising 
from  the  systematic  notions  then  iu  vogue.  At  that  time  physiology 
was  at  a  t>eriod  of  its  history  when,  imbued  by  somewhat  crude  mate- 
rial conceptions,  it  was  alleged  that  everything  could  be  simplified  so 
as  to  reduce  every  movement  to  a  reflex  act.  So  it  was  denied  thai 
there  could  be  found  in  our  organism  any  other  than  sensory  and  motor 
libers. 

We  ought  to  add  that  the  philosophical  tendency  of  that  time  had 
great  force,  for  among  those  who  refused  to  allow  that  the  experiment 
of  Weber  had  any  special  importance  were  two  of  the  most  illustrious 
names  of  modern  physiology.'  But  other  acts  of  restraint  were  found 
besides  the  inhibitioa  of  the  heart,  so  that  tbe  opi^sition  could  no 
longer  be  maintained,  especially  when  it  was  found  that  in  the  nervous 
centers  themselves  there  occur  inhibitory  processes,  in  which,  as  we 

'E.H.Weber.     "  lleber   Edaard  Webcr'H   EnUiockiingcn  in  der  Lchr«  von  ilea 
MiiHkel-coiitntctioD,"  Arrbiv  fllrADatomieiiDd  Pliy«iul<>({ie(MUIlei''8  Arcbiv),  Berlto, 
Wfi,  i.!ige4M3, 
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sball  prewutif  see,  wo  must  look  for  the  definite  physiological  basis  of 
thought. 

One  of  the  flrst  exptanations  prot>08ed  (bl-  inbibitiou  lu  the  re&lm  of 
theoretical  phygiology  wits,  as  might  hare  been  expected,  purely  phys- 
ical in  its  character.  It  wsis  thought  that  its  phenomena  might  be 
considered  as  aDalogoiin  to  those  classed  nuder  interference.  Yon 
know  that  the  union  of  two  sounds  may  prodnce  silence,  and  that  from 
two  rays  of  light  wfe  may  derive  darkness.  This  occiirR  when  the 
waves  that  theoretically  constitute  their  material  basis  meet  in  such  a 
way  that  the  summit  of  one  wave  corresponds  to  the  hollow  of  another 
so  that  they  matnally  nentralize  each  other.  The  beats  and  the  rings 
of  Newton  are  phenomena  of  interference.  Lauder  Rrunton,'  following 
the  footsteps  of  Bernard'  and  of  Romanes,'  tried  with  much  skill  to 
bring  the  phenomena  of  inhibition  into  the  same  category  as  those  we 
have  just  cit«d.  It  would  be  very  interesting  to  follow  the  learned 
investigator  in  his  defense  of  his  doctrine,  but  I  shall  limit  myself  to 
stating  that  he  Ibnnded  his  theory  upon  the  supposition,  which  api>eara 
very  probable  iu.view  of  certain  considerations,  that  in  inhibition  the 
oerrous  vibrations  follow  two  paths  of  anequal  length,  then  unite  in  a 
single  one  in  which  the  parted  waves  again  meet  with  opposite  phases 
and  consequently  neutralize  each  other.  As  you  will  observe,  ttiia 
doctrine  recalls  at  once  the  acoustic  tubes  invented  by  Herschel  and 
then  successfully  constructed  by  Quincke  and  Konig.* 

In  short,  Lauder  Brunton  holds  that  movement,  sensation,  inhibition, 
or  stimulation  are  not  absolute,  but  merely  relative  terms.  According 
tn  him  the  same  cell  may  exercise  inhibitory  or  excito-motor  functions, 
according  to  the  length  of  the  waves  of  impulsion  that  pass  to  or  from 
it,  according  to  the  distance  which  these  impulsions  traverse  and  the 
velocity  with  which  they  travel.  The  English  exjierimenter  endeavored 
also  to  find  a  morphological  basis  for  his  doctrine  in  the  two  prolonga- 
tions, one  straight  and  the  other  spiral,  with  which  certain  nerve  cells 
are  provided.  This  hypothesis  is,  as  yon  see,  inspired  solely  by  phys- 
'  ical  conceptions  which  demand  a  structural  form,  but,  however  ingeni- 
ous it  may  be,  it  does  not  account  for  the  facts,  and  we  now  admit  that 
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question  liberates  euergy  in  the  form  of  heat,  electricity,  etc.;  the  sec- 
ond embraces  synthetic,  anabolic,  or  restorative  acts  by  which  there 
becomes  accumulated  in  the  tissues  under  the  form  of  explosive  or 
reserve  materials  the  force  neccRsary  for  the  functions  that  develop 
orreestablish  the  dynamical  and  histological  losses  they  have  suffered. 

Living  matter  is,  to  use  a  comparison  of  Hering,'  tike  a  copper  wire 
immersed  in  a  solutiou  of  sulphate  of  copper,  which,  when  conducting 
au  electric  current,  loses  on  the  one  hand  a  portion  of  its  sabstance  by 
solution,  oQ  tbe  other  accamuiates  an  additional  amount  of  metal. 
These  antagonistic  functions  have  within  oar  organism  a  close  correla- 
tion, being  united  in  an  intimate  solidarity  from  which  resulta  that 
dynamic  and  material  stability  that  gives  to  a  tissue  its  morphological 
character.  This  solidarity  has,  in  my  opinion,  among  its  other  control- 
ling conditions,  a  very  important  cliemical  basis.' 

You  know  that  exercise  develops  organs  and  that  this  fact  is  con- 
firmed throughout  the  entire  sphere  of  our  functions.  Thus  it  is  that 
muscles  enlarge  in  consequence  of  rej>eated  movements,  that  glands 
increase  in  size  when  obliged  to  perform  unusual  work,  that  in  other 
t^rms  function  develops  the  organ  through  which  it  acts.  We  here 
eater  upon  a  functional  circle  which  migbt  in  logic  be  called  a  vicioos 
circle,  but  which  gives  admirable  results  from  a  teleologieal  point  of 
view. 

In  a  word,  while  ao  oi^an  develops  by  exerting  its  functions,  this 
very  development  makes  it  more  and  more  capable  of  performing  those 
functions.  This  relation,  universally  recognized,  finds  its  application 
in  tbe  doctrine  of  evolution  anrl  helps  much  to  explain  to  us  those  mar- 
velous progressions  and  dtflferentiations  of  structure  by  which  amor- 
phous protoplasm  is  transformed  into  a  I'omplex  organism.  But  when 
we  say  that  an  organ  develops  by  executing  its  functions,  or  that  func- 
tion makes  the  organ,  we  content  ourselves  with  enunciating  a  fact 
without  explaining  the  mechanism  to  which  it  is  due.  Let  us  try, 
however,  to  throw  light  ou  some  of  tlie  conditions  that  determine  the 
above-mentioned  relations  between  an  organ  and  its  fuuctiou. 

We  are  able  to  determine  with  considerable  accuracy  the  stimulants 
that  cause  an  organ  to  act,  and  that  these  are  found  partiy  in  the 
environment  of  the  organism,  partly  in  the  interstitiat  blastema  that 
surrounds  tbe  tissues,  partly  within  the  elements  of  the  tissues.  All 
our  activities  may  therefore  be  classed  as  reflex  acts,  pseudo-antomatic 
acts  and  automatic  acts  properly  so  caUed.  We  also  know  that  the 
processes  of  molecular  destruction  that  form  the  chemical  basis  of  our 
functional  acts  are  frequently  followed  by  a  corresponding  and  pro- 
portional amount  of  work  of  restoration,  but  we  are  ignorant  of  the 
nature  of  tbe  internal  impulses  that  cause  tbe  tissues  to  restore  them- 

'  Hering.     Zar  Theorie  iler  Vorgooge  in  iler  lebeodigen  SabHtanz,  Pnig,  1888. 
'Fano.     "DeqaelquM  boaea  pbyniologiques  d«  la  peus^,"  B«Tn«de  pluloaopbie 
scieotiflqae,  Vol.  IX,  page  193,  1890. 
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selves.  !Now,  fh»iii  some  of  my  stttdies,  it  Beems  to  me  that  one  may 
coiiclade  that  stimnlauts  to  the  nutritive  activities  for  organic  restora- 
tioD  coDSiRt,  in  certain  cases,  at  least,  in  the  by-products,  the  scoria, 
the  cinders  ttiat  result  from  functional  activity. 

These  catabolie  products  gradually  accumulate  in  the  tissues  and 
pass  from  thence  into  the  blood,  which,  continually  circulating,  trans- 
ports them  to  the  glands,  by  which  they  are  again  worked  over  and 
Unally  eliminated.  It  appears  that  it  is  precisely  these  by-products, 
produced  by  our  tissues  when  in  activity,  that  give  to  nutritive  phe- 
nomena the  impulse  that  excites  to  a  renewal  of  the  energy  spent  in 
fiinction,  which  leads  the  organ  accomplishing  a  work  to  develop  and 
adapt  itself  to  new  demands  of  the  individual  and  the  environment 
In  order  to  understand  my  assertion  it  must  be  remembered  that  the 
tissues  are  never  completely  at  rest;  that,  on  the  contrary,  as  to  mate- 
rial matters  they  are  constantly  changing  and  are  being  ceaselessly, 
though  slowly, consumed ;  even  when  they  show  no  internal  evidence  of 
function.  Yet  the  by-products  occurring  during  this  apparent  func- 
tional reix>se  do  not  suffice  to  properly  maintain,  or  rather  are  not 
suitable  for  setting  up,  this  work  of  reconstruction,  since  an  inactive 
organ  decreases,  atrophies,  and  may  be  reduced  to  a  rudimentary 
sbite.  When,  on  the  contrary,  it  remains  active,  it  maintains  itself  in 
nntritive  equilibrium,  and  increases  in  proportion  to  its  greater  or  less 
functional  activity.  This  arises,  at  least  in  part,  from  the  fact  that 
the  by-products  of  the  function  excite  to  restorative  work  greater  in 
amount  than  the  destruction  that  occurred  during  the  period  of  activ- 
ity. In  fact,  if  an  organ  that  only  occasionally  acts  does  not  atrophy, 
it  is  because  that  during  its  action  it  establishes  auch  a  stimulation  to 
nutrition  that  it  compensates  not  only  for  the  losses  occasioned  by 
activity,  but  also  for  those  occurring  during  repose.  Thus  scientific 
sanction  is  given  to  a  fact  of  daily  experience,  viz :  that  an  organ  is 
kept  in  good  nutritive  condition  by  a  proper  alternation  of  work  and 
rest.  It  is  also  seen  why  increased  activity  of  the  function  of  an  organ 
leads  to  its  hypertrophy.  Increase  of  work  produces,  indeed,  such  an 
amount  of  nutritive  stimulation  that,  as  a  logical  consequence  of  what 
has  been  said,  the  losses  that  preceded  the  period  of  activity  as  well  as 
those  which  arise  from  it  will  not  only  be  made  good,  but  restored  with 
usury,  and  the  organ  will  (consequently  be  in  a  better  nutritive  condi- 
tion than  before.  That  is  of  course  within  physiological  limits,  for 
excessive  activity  le^s  to  those  phenomena  of  autointoxication  which 
are  collectively  designated  under  the  term  fatigue. 

It  is  likewise  certtiin  that  the  chemical  mechanism  which  I  have  now 
briefly  sketched  out  for  you  includes  but  one  side  of  the  question,  and 
that  it  is  necessary  to  consider  another  which  concerns  itself  with 
morphological  phenomena.  Tlicf.heinical  elaborations  by  which  tissues 
<k'V(-lii]i  gi\e  ri-se  to  molecular  polarizations,  from  which  results  th* 
striictui'e  of  living  beings. 
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•K  •■■nr  vrui:--MB  orr  ~^te  fr«a  npalflts  that  start  from  the  wioIxit 
fn'^r*  ajM  .zi;  lee  3taMi:^ati»«s  of  finni  aceonpaniecl  bj  maniiisBta- 
Zjoa  ^(  •^.•trsy  •! )«  lA  aq  inrreaiw  is  the  drstroetire  processes  in  the 
r>-c:r»-u>  ti-vn*^  Tba.'^  when  a  ■otor  aerre  is  stifflolated  it  prodocw 
in  a-  i-m:>  an  ^u^z^raied  cbcBical  action  that  leads  to  a  destniction 
of  th*-  ty'.nru>  ti^-^mt.  In  other  tenu,  a  motw  nerre  is  an  analytic 
or  rM^iwi'.:r  D«rT«. 

l>-t  OA  cori»i<Jci'  DOW  the  proceraes  of  inhibition.  We  have  alreatij- 
i>latHl  tlial  the  fibers  of  the  pneamogastric  nerve  that  supply  the 
b^art  mnM-ie,  have  an  inhibitor;  fanction,  and  can  not  for  that  reaaon 
be  pl»<^  in  tiie  sane  category  as  the  motor  or  eatabolic  fibers.  We 
will  now  Hay.  on  the  other  band,  that  there  are  many  facts  that  show 
that  inhibition  in  the  resnlt  of  nn  increane  in  the  synthetic  i^rocesses  oi 
OTgatiic  restoration,  antl  hence  relates  to  a  diminntion  of  eatabolic 
act».  a  decrease  of  molecalar  destniction.* 

In  this  way  the  energy  set  at  liberty  by  impulses  acting  on  tbe  motm 
nerves  serves  to  increase  the  destructive  acts  in  the  interior  of  the  tis- 
sues, and  manifests  itself  externally  under  the  form  of  motion,  heat, 
elc<;tricity,  cti-.    On  the  contrary,  that  set  in  motion  by  the  inhibitwy 


'  Janzi,  "  },ta  fails  ct  lea  iniliictioriR  ile  rhLBtolofjie  inoderne  dans  1«  syatem*  tuw- 
otii,"  Ri^viie  exp(!rimeiit!tli!  ile  pntliologie  men  tale  Pt  Oe  nriilociDe  legale. 

*  W.  H.  OaHkoll,  "  Uober  die  eloktrixolieo  VerantlemngeD,  welclw  in  dam  nibrn- 
deii  Heri'.inaBkvl  die  KeiznoK  dea  XerTiia  vagus  begleit«ii,"  fi»itriig«  lar  Phj«iologie. 
Carl  I^ndniii-a  KeatBcUriU.  l.eipiiff,  18H7,  page  114. 

Pano  ot  Fayor,  "I>e  t|Ui'li|UnHrHpportBBiitrelespn>pri^t^  ct>BtractiUaetto«pn- 
prii'ti'-a  t'lectriijiipn  des  nrcilleUeN  dit  cirur,"  Arvhirea  italieuDM  de  biologi«,  T.  IX, 
pnj-i'  H3,  JfWj*. 

W.  II. GmUpII.  "On  Die  Htrnrlnre.dinlrihitlion. and  ftwction of  tbvnrrrvs whirl 
Innvrritb-  the  vl«M>ral  and  Tawiilar  njHlcani^''  .loonial  af  Pk;«iolaf;}-,  Caaatihdgf. 
IS*,  vn,  1. 

Iti^ni:,  Uir.  cif. 

.1 .  S.  HiinUtn  8anilprNi>a.  "  K]emeiil«ry  pix>hlMn5  ia  phyBi^ac"  Kvpoci  af  tbt 
l^ii-*  A'vnrtatinn  ft*  the  AdvaiKrnwnl  of  Sf««rt\  )*«*,  |>af;rS(>t. 

f^wvi,  W.  rit, 

ItM-Pcn.  -I*  r.4<  r«TtAi*.f«rs)A)nci.>n^  .)(.  nnhiKiiMVL.  J'afa^Kll.  Jvlta Fkao,' 
kN^wiVtnitiiHiim.  r.  XI.Yl.  CMWr  £««.  ISftV 
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nerves,  serves  to  overcome  the  chemical  afHaitiea  opposeil  to  tbe  syu- 
thetic  formation  of  frre^t'  molecalar  complexes,  and,  setting  np  restora- 
tive chemical  procesaeB,  canses  the  diminution  or  cessation  of  functional 
acts  of  a  disintegrating  chemical  character. ' 

In  addition  to  these  phenomena  of  inhibition, -which  we  may  term 
peripheric,  there  are  others  of  a  central  origin  broa^t  to  light  by  the 
investigations  of  Setefaeoow,  Gnyon,  Oolsy,  and  others.  These  have 
shown  that  the  nervous  centers  may  exert  a  strong  inhibitory  action 
npon  refles  acts  in  general,  and  even,  according  to  some  esperiments  of 
my  own,  ajmn  the  untomatic  activities  of  the  medulla  oblongata.  This 
restraining  action  of  the  nervous  centem  is  closely  connected  with  the 
problem  of  tbe  physiological  basis  of  thought.'  In  fact,  the  inhibitory 
processes  oppose  soch  a  resistance  to  the  nervous  vibrations  passing 
through  the  brain  that  impressions  are  necessarily  arrested  for  a  long 
time  Ttthin  the  sphere  of  the  senaorinm,  and  may  thus  induce  that 
associated  series  of  conscious  phenomena  that  lies  above  the  sphere  of 
mere  sensation  or  motion.  Besides,  tbe  restorative  chemical  character 
of  the  processes  of  inhibition  explains  to  os  the  phenomena  of  memory, 
without  which  we  would  be  unable  to  understand  consciousness.  Tlie 
intensity  of  the  psychical  act  is  therefore  in  direct  proportion  to  the 
force  of  the  restraining  act.  It  would  take  too  long  to  refer,  even  in 
passing,  to  the  importance  of  inhibition  iu  all  psychical  operations. 
We  will  merely  allude  to  the  fact  that  education,  which  contributes  to 
form  the  character  of  the  child,  is  valuable  in  proportion  as  it  tiaiiis 
the  capacity  for  controlling  the  instinctive  impulses  of  human  nature. 

Thus  it  is  that,  starting  flrom  the  arrest  of  the  movements  of  the  heart, 
we  may,  by  a  gradual  succession  of  facts  and  deductions,  finally  attack 
one  of  the  most  difficult,  and  certainly  one  of  the  highest,  problems  of 
pbysiology — that  of  the  functional  basis  of  thought.  We  can  thus 
prove  that  both  tbe  simplest  a^jts  of  the  vegetative  life  of  a  tisnne,  as 
well  as  the  most  complex  psychical  manifestations  of  a  superior  organ- 
ism, have  for  their  essential  basis  chemical  processes  of  the  same  nature. 

But  we  must  not  boast  too  much  over  these  results;  for  while,  in  the 
concrete  case  we  have  cited,  chemical  antagonism  helps  to  explain  the 
relation  between  inhibition  and  movement,  chemistry  can  not  usually 
reveal  the  modus  operandi  of  a  functional  act. 

From  the  chemical  processes  of  our  organism  there  are,  as  we  have 
already  said  in  another  form,  effects  derived  of  two  kinds — either  liber- 
ation of  energy  in  actions  attended  with  the  disengagement  of  heat  or 
its  accumnlation  in  jtrocesses  daring  which  such  disengagement  does 
not  take  place.  But  if  we  were  acquainted  with  the  innumerable  reac- 
tions that  take  place  ia  our  organism,  which  for  the  greater  part  are 
entirely  unknown  to  us,  we  would  yet  have  to  find  out  how  the  energy 

■Fano  (Qialio).  Snggio  speriiiieiitAte  siil  mecaniBiiio  dei  mo*ementi  volouteii 
ImUa  Toatnggiun  palnatre.    fiekle  Istitutu  di  atndi  SaperioM,  Firenxe,  1681. 
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developed  by  them  is  trausfortned  iuto  faoctioD;  how,  iu  the  compli- 
cated mecbaDitim  of  our  tisaaes,  it  comes  to  maoifest  itself  iu  the  form 
of  heat,  electricity,  muscular  movement,  secretioa,  and  nervous  activity. 
Is  not  the  same  coal  buroed  in  the  different  engineal  Yet  bow  many 
varied  effects  may  be  manifested  by  these  difierent  causes!  Although 
the  chemical  basis  of  their  fiiQctioD  may  l>e  the  same,  does  not  that 
function  remain  invariable,  even  when  the  nature  of  the  fuel  consumed 
in  the  furnatre  varies  t  Consider  the  iuimense  variety  of  metabolisms  of 
animals  and  plants;  coiapare  that  with  the  admirable  functional  uuity 
of  these  beings,  and  tell  me  if  that  does  not  suffice  to  show  how  slight 
ia  the  importance  of  chemical  work  in  the  development  of  a  special 
fnuction. 

All  tbia  appears  to  me  to  be  forgotten  by  those  who,  impelled  by  that 
enthasiasm  for  aystem  now  so  much  in  vogue,  see  in  every  organic  func- 
tion a  chemical  fact  and  nothing  else.  We,  on  the  contrary,  recognize 
truly  that  chemical  action  is  the  cause  of  the  energy  displayed,  but  we 
can  not  forget  that  function  is  self-determined,  trauaformiug  that  energy 
and  presenting  it  under  au  infinite  number  of  manifestations. 

The  admirable  researches  of  Baoul  Pictet'  show  clearly  the  share 
that  in  functional  acts  ought  to  be  ascribed  to  (jhemieal  reactions  and 
that  which  should  be  given  to  the  orgauizatiou  of  the  tissues.  This 
experimenter  has  recently  shown  that  a  very  low  teinperatore — 100^ 
below  zero^stopa  all  chemical  reaction,  no  matter  what;  even  sulphuric 
acid  aud  nitric  acid  no  longer  combine  with  soda,  potash,  and  ammonia. 
These  es|>eriments  show  that  at  absolute  zero  heterogeneous  bodies  no 
longer  react  upon  each  other,  whatever  may  be  their  affinities,  for  the 
reason,  according  to  Pictet,  that  they  have  attained  the  limit  of  cohe- 
sion, and  that  no  sufficient  force  brings  tlie  atoms  near  enough  to  each 
other  to  get  them  within  the  aphere  of  each  other's  activity.  If,  on  the 
other  hand,  we  keep  living  things  in  a  refrigerating  apparatus  for  a 
long  time,  it  may  be  observed  that  after  thawing  they  again  resume 
their  functions  in  au  absolutely  normal  manner.'  Pictet  thus  obtainsa 
complete  reatoratioQ  of  the  manifesitaiions  of  life  in  bacilli  and  seeds 
kept  at  200'^  below  zero.  V ibratile  cilia  that  have  supported  a  tempera- 
ture of  90'^  and  fish  that  have  been  so  frozen  as  to  form  a  solid  mass 
with  the  ice  iu  which  they  are  embedded  and  have  become  as  brittle  as 
glass  may  also  be  recalled  to  life. 

These  experimeuta  are  of  great  importance,  inasmuch  as  th^  demon- 
strate that  an  arrest  of  chemical  activity  in  the  tissues  does  not  destroy 
the  potential  conditions  of  life,  and  that  the  latter  finds  the  basis  for  its 
continuity  rather  iu  the  organization  of  the  body,  that  is  in  its  structural 
mechauiam.  To  use  a  somewhat  crude  illustration,  the  usual  relation 
of  chemistry  to  the  functional  activity  of  a  living  being  is  like  that  of 

'  Bftonl  P[at«t.  "  Essai  d'une  mi^tlimle  K<Sn6rale  do  Rynth^Be  chimique,"  Archirea  dw 
scleuciB  phjaiitaea  et  DaturuUcB,  T.  XX  VIII,  pugo  307,  1802. 

'Itaoiil  Pictet.  "  La  vie  ut  los  bnssos  tern pi'ratu res,"  Kevue  Sci«ntiBqua,  T.  Lll, 
page577,  1893.  ii,CoOC^Ic 
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coal  to  the  work  performed  by  a  ateam  engine.  By  cooling  the  animal 
we  may  extingnisli  the  fire  in  the  farnace;  its  functions  are  suspended, 
l>nt  the  mechanism  that  causes  it  to  move  is  not,  after  all,  destr«>yed, 
for  if  we  again  heat  the  organism  which  we  have  been  cooling  it  will 
behave  as  the  engine  does  when  we  relight  its  fire;  the  being  on 
which  we  are  experimenting  will  again  resume  its  movements.  "  If  we 
could,"  says  Pictet,'  "create  an  organizetl  stractnre  qaite  complete, 
but  dea<],  physicocbemical  conditions  would  be  sufficient  to  develop  all 
the  phenomena  of  vegetable  life.  Let  as  at  ouce  atlmit,"  be  continues, 
"that  psychic  phenomena  could  never  be  prmlnced  nor  explained  by 
tbe  simple  movement  of  organized  matter."  It  in  a  ntraiige  fact  that 
diastases  and  the  poisons  known  as  ptomaines,  unlike  organized  matter, 
appear  to  be  much  injured  bygreatcold  and  lose  their  specific  activities. 
Thus  low  temperatnres  effect  a  remarkable  distinctiou  between  microbes 
and  diastases,  marking  clearly  the  difference  between  chemical  actions 
under  the  influence  of  organization  and  those  not  so  controlted. 

Let  us  further  observe  how  processes  which  in  tbe  interinr  of  living 
tisNues  constitute  tbe  chemical  basis  of  function,  likewise  occur  exter- 
nally in  reactions  which  have  their  origin  iu  life  as  well  as  in  dead  tis- 
sues. These  are  processes  that  do  not  always  lead  to  exactly  similar 
chemical  results,  but  which  have  a  similar  general  catabolic  character 
by  which  the  very  complex  organic  molecule,  by  means  of  oxidation  or 
successive  divisions,  by  hydration  or  reiluction,  mounts  the  scale  of 
orgauic  componuds  and  becomes  by  degrees  more  and  more  simple. 

The  difference  lies  in  this,  that  in  living  beings  the  kinetic  ett'ect 
reuniting  from  chemical  affinity  manifests  itself  in  a  thousand  diverse 
activities,  while  iu  dead  tissues  it  is  transformed  almost  wholly  into 
beat,  other  forma  of  movement,  more  particularly  those  of  a  func- 
tional character,  being  totally  arrested. 

This  occurs  because  in  dead  tissues  catabolic  action  likewise  attacks 
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Bnt  here  we  enter  the  very  obscure  domain  of  the  origin  and  develop- 
ment of  life.  Yon  know  how  much  the  determining  onuses  of  heredity 
and  evolution  have  been  discussed,  and  how  the  Darwinian  laws, 
although  remaining  fundamentally  the  same,  have  been  i>rofoundly 
modified  as  far  as  regards  the  conditions  of  their  development.  While, 
for  example,  it  would  seem  that  we  itmst  not  admit  the  hereditary 
transmission  of  acquired  characters  in  fiuimals,  the  study  of  the 
development  of  plants  tends  to  change  our  ton  absolute  ideas  as  to 
the  relations  between  antogeuy  and  phyiogeny  and  to  give  to  evolution 
a  ])eriodic  character  established  by  heredity,'  aud  by  the  influence  of 
time  and  the  environment. 

At  all  events  it  is  always  organization,  independently  of  the  erases 
by  which  it  was  or  is  determined,  that  fixes  and  molds  the  activities 
of  an  organism,  although,  in  the  causal  snccession  of  phenomena, 
fnnctional  differentiations  precede  mori»hoIogicaI  difierentiationa,  aud 
are  sometimes  manifested  in  a  tissue  whose  details  can  not  be  shown  by 
our  present  means  of  investigation.  Besides,  even  the  so-called  amor- 
phous protoplasm  is  developed  little  by  little  into  u  very  complex 
whole,  and  it  is  even  tbouglit  that  it  may  be  considere<1  as  a  colony  of 
microorganisms.' 

The  cell,  according  to  this  tlieory,  loses  its  fundamental  character  of 
morphological  unity  and  is  supposed  to  be  made  up,  like  a  higher 
organism,  of  a  multitude  of  very  much  smaller  units  that  probably 
differ  from  each  other.  Finally  let  us,  With  these,  go  beyond  the  world 
actually  cognizable  by  the  senses,  let  us  imagine  an  intorual  weft  made 
up  of  unities  still  more  minute  and  more  simple  that  bear  the  same 
relation  to  organized  forms  as  molecules  do  to  inorganic  matter.  The 
structure  of  tliese  elements  and  the  morphological  relations  that  unite 
them  ought  not,  however,  to  he  considered  as  the  bed  through  which 
flows  the  torrent  of  life,  but  as  the  mechanism  which  elaborates  and 
develops  its  manifestations. 

We  know,  besides,  that  the  morphological  element  has  no  stable 
basis,  and  that  it  even  becomes  mollified  according  to  the  various  func- 
tions it  has  to  perform.  Thus  it  is  that  the  anatomical  changes  of  an 
element  may  sometimes  inform  ua  as  to  the  condition  of  its  nutrition, 
whether  it  has  been  in  action  or  remained  long  at  rest,  and  whether 
there  are  developing  within  it  those  myflt«rious  processes  by  which  a 
cell  prepares  for  reproduction.  From  all  this  it  clearly  results  that  by 
the  study  of  conditions  and  of  the  morphological  modifications  that 
determine,  accompany,  or  follow  a  functional  act,  much  more  than  by 
chemical  researches,  we  can  perhaps  some  day  expIaUi  many  a  weighty 
problem  of  physiology,  if  not  those  fundamental  processes  character 

'M.  E.  Heckel.  "La  P<Srioilicit6  i^volotive  dcB  luiimaiixot  ileg  v4g6tAui,"  Retne 
Bcientiflqiic,  T.  LII,  page  &4!),  1893. 

'R.  Altmann.  "DieOenoseder  Zelle."  Beitrilge  zur  Physiologje.  Carl  Luilvrig'B 
FeatAcbrift,  Leipzig,  188T,  page  236. 
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istic  of  a  liviug  beiug  by  wUivh  energy  is  accumulated  and  manifested, 
trausfurmed  aud  given  its  special  developiiieuts.  For  tbese  morpho- 
logical facts  express,  ns  we  have  already  saiil,  elet^tive  activities  slowly 
accumulated  in  the  iulimte  past  wbifb,  asiwciatiu};  themselves  with  the 
preseut  chemical  activities,  give  results  that  are  unexpected  in  propor- 
tion as  we  are  ignorant  uf  the  iotimate  uature  of  the  orgauizatiou. 

Thus  Pfeffer,'  al^r  having  observed  that  active  bacilli  are  attracted 
by  peptone,  by  asjtaragine,  by  chloride  of  sodium,  in  short  by  mauy 
substances,  while  the  zoospores  of  ferns  are  attra^-tcd  by  malic  acid,  and 
those  of  mosses  by  sugar  of  milk,  and  that  the  trillionth  part  of  a  milli- 
gram is  suBicieut  to  produce  that  atti-actioii,  grunts  that  tbe  observer 
might  be  led  to  conclude  that  there  was  here  an  act  of  volition  rather 
than  a  simple  chemical  pheuomeiiOD.  Because  of  this  and  of  many  other 
observations  of  a  similar  character,  some  authors  regard  the  elective 
action  of  molecular  organisms  as  the  rudimentary  expression  of  tastes 
aud  proclivities  as  well  as  the  origin  of  certain  idiosyncrasies  and  of 
tbe  more  or  less  localized  action  of  certain  i)oisons,  so  that  even  in  the 
most  simple  phenomena  of  the  nutritive  activity  of  a  tissue  we  encounter 
a  problem  of  selection  indissolubly  bound  up  with  that  of  thought,  the 
origin  of  which  is  probably  closely  connected  witli  that  of  life. 

To  this  may  be  added  that  not  only  do  the  chemical  actions  that 
occur  in  au  organism  have  a  peculiar  quality;  tbe  conditions  under 
which  tbey  occur  are  also  special  and  peculiar  to  living  beings — that  is 
to  say,  to  organization  aud  its  products.  We  can  indeed  reproduce  some 
of  these  chfmical  processes  that  occur  in  tbe  weft  of  our  tissues,  but  to 
obtam  similar  results  we  are  obliged  to  employ  very  strong  electric  cur- 
rents or  reagents  of  such  power  that  they  would  destroy  any  organism, 
no  matter  what.  In  organized  beings,  on  the  contrary,  these  effects 
are  obtained  at  a  temperature  equal  to  or  but  a  little  above  that  of  tbe 
enviroument,  at  ordinary  atmospheric  pressure,  under  the  influence  of 
currents  so  slight  us  to  be  hardly  demonstrable,  and  by  using  chemical 
aflSnities  of  the  most  feeble  power. 

What  we  have  said  hitherto,  while  indicating  the  limits  of  physiolog- 
ical chemistry,  detracts  in  no  way  from  its  great  and  real  imiiortance. 
It  is  safBcient  to  mention  the  new  spheres  for  investigatiou  now  oi>en- 
ing — the  metabolism  of  the  tissues,  the  motion  of  the  blood  glands,  aud  of 
the  sympathetic  nerve,  auto- intoxication  and  imnmnity — to  show  how 
Tast  is  the  field  of  practical  a<;tiou  oi>en  to  chemical  research.  It  gives  us 
occasion  to  noto  bow  organisms  in  their  manifold  adaptations  use  these 
afllnitiea  according  to  their  varied  conditions  of  existence,  aud  how  tbe 
chemical  forces  adapt  themselves  tu  the  production  of  colors,  to  the 
distillation  of  perfumes,  to  the  accnuiulatioii  of  substances,  which,  like 
explosives,  amass  in  small  volume  a  large  amount  of  virtual  energy ;  t« 
the  elaboration  or  materials  of  all  kinds  for  the  mechanical  needs  of 


'Pfeffer.     "I)e  I'irritubilito  ubo/.  loa  jilaiite«,"  ArcbiTSii  tltw  Miouceii  iibyniiiuea  et 
uatiinslles,  T.  XXX,  pHfe  3iff,  1893.  ^-,  , 
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the  organism,  fur  tbe  nntritive  necessities  of  life,  for  the  iBSthetic  exi- 
gencies of  Bex.  In  all  this  cbetnistry  has  aa  immeuse  field  of  fruitful 
research  before  it,  ajid  we  shtvll  find  in  the  phenomena  of  living  beings 
the  desired  instructions  for  making  life  easier,  for  improving  and  dofeud 
Ing  it,  for  rendering  it  auEQciently  productive  to  permit  us  to  practice 
thut  social  altruism  that  nature  herself  now  prevents  as  from  attaining. 
But  this  field  is  now  and  will  remain  more  practical  than  theoretical, 
more  utilitarian  than  scientific,  because,  even  if  the  complicated  proc- 
esses going  on  within  the  crucibles  of  life  were  well  known  to  all,  life 
itself  would  always  remain  for  us  unknown  and  impenetrable.  But 
this  ought  not  to  deter  ua;  we  shall  keep  on  trying  and  testing,  accu- 
mulating facts,  x»>8hiiig  as  far  as  possible  our  analytical  researches, 
convinced  that  we  shoald  be  content  to  seek  truth  without  acquiring 
the  whole  of  it. 

As  you  see,  we  are  to-day  already  quite  far  f^om  the  systems  in  vogue 
a  few  years  ago,  and,  knowing  more,  we  realize  more  clearly  how  slight 
is  the  scope  of  our  knowledge;  for  with  increased  knowledge  comes  an 
enlargement  of  our  conception  of  the  complexity  of  the  phenomena  of 
life;  the  horizon  of  the  unknown  widens  out  in  vast  relative  propor- 
tions. For  this  reason  permit  me  to  believe  that  the  moment  is  not 
yet  at  hand  when  the  facts  developed  within  the  living  organism  can 
receive  an  astronomic  sanction,  and  let  me  recall  to  you  what  was  said 
by  Galileo,  the  founder  of  the  experimental  method,  the  regenerator 
of  natural  philosophy:  "I  have  always  held  him  extremely  rash  who 
attemxtts  tu  measure  by  human  capacity  all  that  nature  can  and  will 
do,  since  there  is  not,  on  the  contrary,  a  single  effect  in  nature,  how- 
ever small  it  may  be,  that  can  be  entirely  nndterstood  by  the  most  jien- 
etrating  intelligence.  This  idle  presumption  of  wishing  t«  understand 
everything  must  necessarily  arise  Itom  never  having  understood  any- 
thing; for  if  he  had  ever  applied  himself  to  perfectly  understand  any 
one  thing,  and  had  really  appreciated  what  constitutes  knowledge,  he 
would  know  that  in  the  infinity  of  other  conclusions  he  does  not  under- 
stand one."' 

We  ought,  when  esperimeuting,  to  always  have  these  words  in  mind; 
for  if  it  is  true  that  we  ought  to  keep  our  attention  firmly  fixed  upon  a 
fact  until  we  have  acquired  a  cleiir  and  limpid  perception  of  it^  it  is 
none  the  less  so  that  before  interpreting  it  we  ought  to  consider  its 
entire  surroundings,  remembering  that  it  is  not  isolated,  but,  on  the  con- 
trary, a  simple  facet,  infinitely  small,  of  a  preeminently  complex  whole. 
Let  us  not  imitate  the  presumptuous  physiologists  that  achieve  success 
by  the  apparent  clearness  of  their  explanations,  giving  the  pupil  the 
agreeable  illusion  that  he  can  learn  much,  quickly,  and  without  fatigue. 
This,  unfortunately,  is  a  too  general  tendency,  and  we  often  see  how,  in 
their  ilesire  to  warp  the  phenomena  of  life  to  the  limits  of  their  own 


'  Galileo  (Galilei).     Diologo  del  dor  masBimi  Hiateuii  del  moodo,  Firanze,  1842,  vol. 
1,  page  114. 
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intoUigence,  tliey  construct  systemR  much  more  ingenious  than  vera- 
cious, and  thendisplay  tliem  before  a  public  tbat  only  aitplauds  readily 
constructed  automata  presented  to  it  as  living  beingn.  I  must  confess 
that  I  always  look  ivith  extreme  distrust  upon  systems.  I  can  not  for- 
get that  if  they  have  a  didactic  im]>nrtance  they  never  correspond 
exactly  to  the  truth,  especially  in  what  concerns  living  beings,  so  com- 
plex in  tlieir  great  simplicity.  Technical  necessities  often  oblige  ns  to 
separate  functional  elements  from  each  other;  but  we  then  ought  to 
seek  to  reunite  them,  because  it  is  from  their  union  that  springs  that 
resultant  complex  of  reciprocal  inOuenees  that  constitutes  a  living 
organism.  Thus  to  the  cool,  impartial,  and  sagacious  work  of  the 
experimenter  the  physiologist  must  bring  the  assistance  of  a  high 
philosophical  culture  and  a  certain  breadth  of  intuition  and  imagina- 
tion, that  faculty  which  Tyndall '  lands  as  one  of  the  most  [lowerful 
aids  to  human  progress.  "  Without  imagination,''  says  he,  "  we  could 
not  make  a  step  beyond  the  animal  world;  we  couhl  hardly  reach  its 
confines.  I  do  not  here  allude  to  that  irregular  power  that  plays 
capriciously  with  facts,  but  to  that  orderly,  discipbned  capacity  whose 
only  function  is  to  create  the  ideas  imperiously  demanded  by  the 
intellect." 

Certainly,  looked  at  in  this  way,  the  goal  of  physiology  is  very  diffi- 
cult to  reach,  and  I  should  be  the  last  to  remind  you  of  it,  being  myself 
unequal  to  the  task.  But  inability  to  attain  an  ideal  ought  uot  to  pre- 
vent you  from  having  it  constantly  before  your  eyes,  from  clinging  to 
and  proclaiming  it,  in  hopes  tliat  others  with  greater  powers  than  your- 
self may  reach  it.  High  ambitions  are  allowed  to  all,  provided  that 
they  are  sincere  and  disinterested,  and  1  do  not  think  that  doubt  can 
be  entertained  of  the  sincerity  of  a  lover  of  physiologj-,  particularly  in 
this  age  of  sharp  struggle  for  material  existence. 

■Tjndall.  Noted  on  Light,  Paria,  ISTri,  pngc  46;  [Notr  by  Translator.— The 
paasBKe  here  cited  dnes  not  appear  in  anv  Engliab  or  American  mlition  <if  Tyndnll'it 
Leetnrea  on  Light.  It  is  probably  taken  in  snlHitanci!,  though  not  in  exoot  fomi, 
from  Home  pawiagea  in  bia  lecture  "On  tlie  scientific  iiho  of  the  imaginnlion,"  a 
tranfll&tion  of  which  was  published  in  Poiia  bound  np  with  the  Loctarcs  on  Light.] 
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By  E.  J.  Mabey, 
iltmher  of  tke  /naliCnle  of  France. 


Physiology  has  for  its  (loiimiii  all  organized  nature.  It  seeks  to  i>eue- 
trate  the  secret  of  life  in  all  beings.  It  is  the  guide  of  natural  history, 
which  ought  not  ouly  to  deaeribe  the  forms  of  animals  and  of  jilants, 
bat  also  to  ascertain  the  kind  of  life  and  the  functions  peculiar  to  each 
species. 

The  older  naturalists  understood  that  their  science  had  this  scoi)e; 
the  zoologists,  for  example,  when  tliey  described  the  species  of  animals, 
noted  at  the  same  time  the  habitat,  method  of  locomotion,  kind  of  food, 
and  manner  of  reproduction  of  each. 

This  way  of  atudyhig  and  teacliing  the  natural  sciences  was  kept  up 
80  long  as  i>eople  were  content  to  observe  the  exterior  of  animals  and 
the  external  manifestations  of  their  life;  but,  in  proportion  as  the 
anatomy  of  living  beings  was  more  profoundly  studied,  the  naturalist's 
task  became  harder;  for  a  knowledge  of  the  conformation  of  theditt'er- 
ent  organs  awakened  a  desire  to  understand  the  functions  of  eacli. 
From  this  moment  a  division  of  labor  became  necessary.  Those  who 
applied  themselves  more  especially  to  the  anatomical  description  of 
organized  beings  were  calle<l  naturalists  and  tliose  who  si)ecially 
studieil  the  functions  of  life  i)hysiologists. 

If  such  a  separation  were  i^eimanent,  if  the  two  parallel  seieutes 
were  not  united  at  certain  points,  both  would  suffer.  Zoology  would 
then  be  only  a  dry  catalogue  of  animal  forms  whose  meaning  would  be 
unexplained,  while  physiology,  conttued  to  laboratories  and  retluced  to 
experimentation  upon  mutilated  animals,  would  teaeh  us  less  how  these 
animals  live  than  how  to  make  them  die. 

Is  it  not  possible  to  combine  these  natural  sciences  without  hindering 
the  development  necessary  for  each  t  I  wish  to  show  you  that  this  can 
sometimes  be  done  and  that  it  aR'ords  ne  the  highest  inteUectual  satis- 
faction, that  of  eompreliending  the    marvelous   harmonies  of  living 

■A  lei'tiire  ilulivered  at  thu  Collegi.-  of  Fniiict.-.  Tranalateil  Trom  Rcviio  )>cien- 
tifique,  December  2!l,lK94,an<l  JaouiiryH,  1S95;  roiirtUaerieii,  Vul.  II,  pages 80-J-H08. 
aod  Vol.  Ill,  pages  3-12. 
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uatnrc.  lit  order  to  unite  zoology  and  physiology  it  is  uecessary  that 
tliese  two  sciences  should  have  methods  iu  commoo  atid  should  apply 
them  under  the  same  drcumstauces,  which  should  neither  be  in  the 
gallery  of  the  zoologist  uor  iu  the  laboratory  of  the  vivisector. 

During  our  ot>och  the  natural  sciences  havo  luade  auch  progress  as  has 
cjuite  transformed  them.  The  physiologists  of  to-day  use  new  methods 
and  iustniinenbi  of  precision  which  enable  them  to  study  the  phenomena 
of  life  with  au  exactitude  formerly  obtained  only  by  physicists.  This 
apparatus,  first  intended  to  be  used  in  vivisection,  is  undergoing  a  grad- 
ual change  an<l  is  tending  to  become  applicable  for  use  upon  animals 
and  to  man  himself  while  in  perfect  health  and  iu  the  exercise  of  tbeir 
Bormal  functions. 

On  their  side  the  zoologists,  iu  addition  to  the  menageries  in  which 
they  bring  ttjgether  living  animals  of  all  kinds  and  all  coiuitries,  have 
found,  iu  the  employment  of  the  aquarium  aud  in  the  establishment  of 
maritime  zoological  stations,  the  meaus  of  observing  in  its  natural 
surroundings  the  fauna  of  the  sea  and  even  that  of  Iresh  water.  The 
moment  seems  to  have  arrived  when  the  natural  sciences  may  be  mnde 
to  profit  by  these  two  kinds  of  progress,  and  when  we  may. direct 
toward  a  common  end  efforts  too  long  divergeut. 

It  is  with  this  intention  that  the  Physiological  Statiou  was  estab- 
lished. 

Id  order  to  show  the  resources  of  this  iustitutiou  and  the  develop- 
ments it  ought  to  have,  permit  me  to  first  recount  the  evolution  of  the 
schemes  of  investigation  for  the  api>Ucatiou  of  which  it  was  established. 

1. 

Daughter  of  anatomy,  physiology  yras  at  first  obliged  to  use  the 
scalpel.  It  was  while  dissecting  livhi;^  animals  that  Asellius,  Harvey, 
Charles  Bell,  and  so  many  others  made  their  grand  discoveries,  liut 
the  number  of  iihenoioeua  accessible  to  pure  observation  is  necessa- 
rily limited,  so  physiologists  hod  to  borrow  from  the  physicists  their 
methods  and  their  instruments  in  order  to  discover  new  facts.  Thus 
the  iiiercui;ial  manometer  was  used  by  Magendie  to  measure  the  pressure 
of  the  blood  at  the  diflereut  points  of  the  vascular  system;  the  deli- 
Ciite  thermometers  of  Wall'erdin  enabled  Claude  Bernani  to  show  the 
unecjual  distribution  of  temperature  in  the  organism,  to  recognize  the 
eflect  which  nerves  have  uimn  these  variations  of  temiierature,  and  to 
estiiblish  the  foundations  of  a  general  theory  of  vasomotor  nerves. 
M.  Pasteur  himself,  whose  discoveries  have  given  a  new  impetus  to 
physiology  and  medicine,  would  never  have  been  able  to  support  his 
doctrines  by  such  weight  of  evidence  hod  he  not  conceived  and  created 
new  methods  and  appliances. 
For  many  long  years  I  have  devoted  my  time  to  developing  and  per- 
".ting  physiological  apparatus.  Struck  with  the  importance  of  move- 
nt in  most  of  the  functions  of  life,  1  wished  to  make  it  iwsaible  to 

A_,0(Wlc 


Flo.  1-— SJmultanH^iiKiradnjFn  ahowlnff  the  pmvviire  nf  the  bloucl  and 
the  flrteiial  niitrtntionK  iitiiltr  thr  action  of  Mi£ita}int'. 

Tia  a.— TrarfDE  Hhourlniir  ihr  Jlinlnulion  iu  the  Tolumi- of  a  fliiger  la 
coiueiiuenvi;  of  the  oootrautlOD  'if  Its  veiwls. 


n,g:,.-ndtyG00glc 


uy  Google 


WORK  OF  THE  PHYSIOLOGICAL  STATION  AT  PAE18.        393 


register  aod  measure  tliia  fugitive  pbeuomeiiou,  and  for  that  purpose  I 
bad  recourse  to  the  tracing  apparatus  wliich  occupies  to-day  au  impor- 
tant place  in  our  laboratories.  Tbus  M.  Francois- Frauck,  wbo  continues 
witb  so  mucb  talent  my  teacbiiigat  the  College  of  France,  makes  muck 
use  of  the  graphic  method.  Those  of  you  who  follow  his  work  have 
often  seen  him  examine  at  the  same  time  upon  the  same  animal,  seven 
or  eight  different  vital  movements,  registering  them  by  tracings  placed 
one  above  the  other  so  as  to  make  apparent  the  reciprocal  relations  of 
all  the  phenomena  that  occur  during  the  course  of  au  experiment. 

Fig.  1,  F1.  XLVI,taken  from  the  beautiful  memoir  of  M.  Franckupon 
the  action  of  digitalin,  is  an  example  of  these  multiple  registrations.  The 
five  tracings  shown  ui>oq  this  plate  are,  from  above  downward,  as  fol- 
lows: First,  that  of  a  mercurial  mauumeter  indicating  the  pressure  of 
the  blood  in  the  Carotid  artery;  second,  that  of  another  manometer 
showing  the  variation  of  pressure  in  the  pulmonary  artery;  third,  that 
of  a  sphygmosco])e  giving  the  pulsations  of  the  pulmonary  artery; 
fourth,  that  of  another  giving  the  carotid  pulse;  fifth,  the  lower  line, 
giving,  in  seconds,  the  time  occupied  by  the  experiment.  Reference  lines 
traced  upon  this  sheet  show  the  effects  i>roduced  at  the  same  moment 
in  the  four  tracings  by  a  stimulus  that  causes  a  tetanus  of  the  heart. 
A  simple  inspection  of  this  figure  teaches  us  all  the  variations  that 
tetanus  of  the  heart  produces  in  the  general  and  ia  the  pulmonary 
circulation  with  a  precision  that  the  most  attentive  observation  could 
not  attain. 

lu  a  special  work '  X  have  described  most  of  the  triuting  instrnmenta, 
paying  special  attention  to  those  which  do  not  rec|uire  preliminary 
vivisections,  but  record  the  action  of  organs  by  their  exterior  manifes- 
tations. We  can  thus,  in  both  man  and  other  animals,  record  the  pul- 
sations of  the  heart  and  arteries,  the  respiratory  movements  of  the 
thorax  and  of  the  abdomen,  the  phases  in  the  displacement  of  respired 
air,  the  contractions  of  the  muscles,  with  the  various  degrees  of  force 
which  they  develo)),  the  variations  of  caliber  occurring  in  small  vessels, 
etc.  Modern  physiologists  pay  particular  attention  to  i>erfei-ting  and 
multiplying  these  apparatus  already  so  widely  applied  and  of  a  much 
greater  range  of  application  than  bad  at  first  apiicared  possible. 

In  fact  this  apparatus  not  only  reconis  tlie  phenomena  for  which  it 
was  directly  invented,  but  i>ermits  us  to  ascertain  indirectly  other  facts. 
Thus  the  myograph,  invented  at  first  for  recording  the  movement 
of  muscles,  makes  known  indirectly  the  velocity  of  the  transmission  of 
force  in  the  motor  and  sensitive  nerves,  in  the  columns  of  the  spina! 
cord,  and  even  in  the  difi'erent  layers  of  the  cortex  of  the  brain. 

For  the  nervous  acts  of  organic  life,  such  as  tlio  contraction  and 
relaxation  of  vessels,  of  which  we  do  not  even  have  any  conscious 
knowledge,  physiologists  also  possess  a  veritable  myograph  in  the 
graphic  apparatus  that  records  the  changes  of  volume  of  organs. 


'I.a  M6thuiie|[raphi<iue;  Pariu,  U.  Uaeson,  1K85. 
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Mauy  improvements  have  been  tnade  iu  thia  apparatus  during  recent 
years.  Quite  recently' two  pupils  of  M,  Fran9oi3-Frauek,  MM.  Uallioo 
aud  Oomte,  bave  conceived  a  small  iustrumcut  very  simple  and  easy 
of  application.  Ou  introduciug  a  linger  between  two  air-cushions  con 
nected  with  a  grapliic  apparatus  it  is  seen  that  this  finger  constantly 
changes  its  volume,  swells  when  its  vessels  dilate  and  diminishes  as 
they  coiitr.ict.  Any  pain  felt  by  the  subjectnnderex|ieriment,  asimple 
sensation  of  heat  or  cold,  any  emotion,  even  if  slight,  is  soon  followed 
by  notable  contraction  of  the  vessels  of  the  floger;  that  is  to  say,  by  a 
lowering  of  the  curve  that  is  tnw;ed.     (See  fig.  2,  PI,  XLVI.) 

We  even  find  that  iu  certain  maladies  an  excitation  not  perceived  by 
the  subject  may  give  rise  to  a  vascular  contractiou,  which  shows  that 
the  seat  of  production  of  the  vasoular  reflex  is  different  from  that  of 
conscious  sensation. 

The  i>ossibility  of  transmittiug  to  considerable  distances  by  means  of 
air  tubes  the  ipovements  it  is  desired  to  record  has  much  enlarge«l  the 
field  of  application  of  the  graphic  method. 

Thus  we  may  in  the  case  of  a  running  man  or  a  galloping  horse  note 
the  succession  of  footfalls  or  the  cadence  of  the  hoof^.  In  a  flying  bird 
we  may  record  the  various  phases  of  the  action  of  its  muscles,  thotrajee 
tory  of  a  point  of  its  wing,  aud  the  reactions  thus  effected  upon  the  mass 
of  its  body.  But  these  esperiments,  although  very  carefully  made,  give 
but  a  partial  knowledge  of  the  complicated  acts  of  animal  locomotion. 
Another  method,  more  prompt  and  more  simple,  records  these  move- 
ments in  a  much  more  perfect  manner.    This  is  chrono-photography. 

1  had  the  honor  two  years  ago  to  make  known  to  you  the  ori(^in  aud 
developments  of  this  method.  Since  then  I  have  improved  it  aud 
applied  it  to  the  study  of  the  most  varied  phenomena.  All  those  appli- 
cations have  been  set  forth  iu  a  little  volume  recently  published.'  It 
will  be  suflicieiit  to  say  that  besides  the  phenomena  of  physics  and 
mechanics,  in  which  chrono-photography  does  most  valuable  service, 
this  method  enables  us  to  analyze  the  kind  of  locomotion  used  by  most 
species  of  uuimals,  mammals,  reptiles, birds,  insects,  fishes, etc.  It  may 
even  be  used  to  register  the  movement  of  microscopic  creatures. 

Ciirono  photography  may  therefore  be  c<msidered  as  the  most  iwrfect 
form  of  the  graphic  method.  It  is  especially  important  when  we  have' 
to  deal  with  very  extensive  or  complicated  movements,  or,  iudeedt 
when  a  movement  has  not  sutticient  force  to  actuate  the  tracer  of  an 
instrument. 

A  record  of  the  mcchiuiical  forces  develoi»cd  by  animals  may  be 
obtained  by  other  apjiaratus,  such  as  dynamographs,  some  of  which 
nteusure  efforts  of  traction,  others  efforts  of  pressure,  aud  these,  by  the 
way,  nmst,  like  balances,  be  more  or  less  strongly  constructed  accoi^iog 
to  the  amount  of  force  to  be  applied. 

In  order  to  give  a  complete  idea  of  the  physiological  apparatus  we 

ouhl  also  cite  the  instruments  used  to  measure  the  electric  currents 
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by  which  nerves  linil  muncleH  are  utiiimlsvtetl,  or  to  (leterniiiie  the  char- 
ucteriftics  of  the  electricity  geiieratoti  by  imiinals.  The  iiumeniiis 
improvements  iiitro<hiee<l  by  M.  trArsoiival  in  the  <letcrmi nation  of  tem- 
peratures aiid  the  measnrcment  of  the  calories  generated  by  an  ani- 
mal according  to  it.s  height,  species,  and  tlie  physiologieni  conditions 
ill  which  it  is  placed,  should  bo  here  mentioned. 

All  these  apparatus  ulso  tend  to  become  regist^TS,  and  this  makes 
tbeir  indications  comparable  with  each  other  and  permits  ns  to  assemble 
Id  a  single  graphic  table  the  curves  of  all  sorts  of  phenomena.  All 
tend  likewise  to  be  applicable  to  man  and  to  animals  under  normal  con- 
ditions without  disturbing  in  any  way  the  fiinctiona  they  are  intended 
to  investigate. 

.  The  zoologist,  then,  as  well  as  the  exi>erimentiil  physiologist,  may 
investigate  in  diflerent  s|H-cies  of  animals  the  variation  of  function  in 
an  organ  corresponding  to  ittt  variation  of  form.  It  is  here,  as  I  have 
before  said,  that  union  may  be  effected  between  the  two  sciences,  long 
separated  fVom  each  other. 

II. 

Pliysiologists  and  naturalists  ought  to  seek  not  only  unity  of  method, 
but  also  a  favorable  held  for  their  joint  investigations.  The  classical 
physiological  laboratory  is  not  well  adapted  to  anything  but  vivisec- 
tions, while  apace,  open  air,  and  unobstructed  light  are  indispensable 
for  the  study  of  living  creatures.  It  often  happens  that  it  is  difficult 
to  secure  all  the  conditions  necessitry;  it  is  hardly  [loasible  to  study 
the  physiology  of  insects  except  in  the  country;  marine  animals  must 
be  studied  at  some  maritime  station  with  all  the  necessary  insEruments. 

It  is,  however,  possible  to  set  uj)  near  cities  an  experimental  station 
fulfilling  the  itriucipal  conditions  just  noted.  The  Physiological  Station 
18  the  first  establisbmentof  thiskind;  it  already  affords  many  resources 
not  elsewhere  found ;  and  is,  besides,  susceptible  of  iin|)ortant  devel- 
opments that  may  l>e  made  from  time  to  time  as  the  need  for  them  is 
felt.  But  in  bringing  this  establishment  to  its  present  state  many  diffi- 
cnlties  were  encountered  which  it  may  be  useful  to  briefly  consider. 

In  1864,  at  the  time  when  the  graphic  method  of  recording  certain 
physiological  phenomena  seemed  sutliciently  develoi>ed  to  i>erniit  an 
analysis  of  the  ditt'erent  kinds  of  movements,  I  attempted  to  ui^e  it  for 
determining  the  mechanism  of  locomotion  in  different  spe.cies  of  ani- 
mals. The  movement  of  the  wings  of  insects  was  quite  easy  to  catcb, 
and  t»es)des,  the  theory  of  this  kind  of  loctomotion  had  been  estabhshed 
by  a  true  synthesis,  using  artificial  apparatus,  in  which  a  motion  of 
translation  was  effected  by  agitating  mechanical  wings.  This  first  suc- 
cess made  me  think  thattlie  problem  of  tlio  llightof  birds,  the  details  of 
which  almost  completely  ebule  direct  observation,  might  be  clncidate<l 
by  the  same  method,  and  that  tame  birds  to  which  suitable  apparatus 
had  been  fitted  would,  when  Hying  in  an  inclosed  sjiace,  record  the  move- 
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ments  of  their  own  wings,  together  vith  the  reacttons  which  Hnch 
inoTemeutH  protlucnd  upon  their  own  bodies. 

All  artist'n  ntndio,  Ko.  14  me  de  I'Ancienne  Oom^die,  fhrnished  me 
the  large  room  nece-ssary  for  my  purpose.  This  stndio,  15  meterR  long 
by  12  wide  »iid  S  high,  was  well  lighted.  It  was  easy  to  set  up  within 
it  the  workbench  of  n  mechanic,  cages  for  animals,  and  glass  cases 
for  the  instrnmeuts,  already  so  iiiimerons,  reqmred  for  physiological 
researches.  In  this  way,  an  old  theater  which  had  accommodated  the 
Coini''die  Fran^aise  in  its  early  days,  and  was  afterwards  the  studio  in 
which  Horace  Vcrnet  paiuted  his  great  heroic  pictures,  became  in  tarn 
a  shelter  for  science,  and  was  the  first  laboratory  established  byprivate 
enterprisi^  for  physiological  experimentation. 

Many  advantages  were  already  combined  in  this  first  establishment 
They  were  certainly  superior  to  those  which  1  found  later  at  the  College 
of  France  when  I  entered  it  as  professor.  Much  time  is  saved  if  the 
construction  of  the  instruments,  together  with  the  incessant  modifies^ 
tions  of  them  required  by  this  kind  of  experimentation,  can  be  snper- 
vised  in  the  same  apartment  in  which  the  esperiments  themselves  are 
conducted. 

With  carefully  tamed  bnzzards,  with  pigeons,  and  with  ducks,  I 
succeeded  in  registering  the  movementa  of  flight,  the  frequency  and 
character  of  the  wing  strokes,  the  contraction  of  the  muscles,  and  the 
reactions  produced  upon  the  body  of  the  bird. 

This  study  conducted  me  to  that  of  the  resiatauce  of  the  air,  which 
made  it  necessary  to  construct  a  whirling  table  6  meters  in  diameter,  in 
order  to  determine  the  pressure  of  air  on  different  surfaces  for  different 
velocities  of  rotation. 

This  apparatus,  also  snpplied  with  special  registers,  gives  us  an 
op|>ortunity  of  analyzing  the  movements*  of  walking  in  man,  and  was 
used  in  the  beautiful  experiments  of  my  pupil  and  lamented  fHend, 
G.  (Jariet 

As  might  have  been  expected,  the  space  was  soon  found  insafBcient 
for  studying  the  locomotion  of  man.  Un  a  circular  path  20  meters  at 
most  in  diiimeter  it  was  imiwssible  to  walk  otherwise  than  slowly, 
incessantly  hampered  by  the  curve  of  the  circle.  Open  roads  were 
necessary  for  the  study  of  walking  and  running,  and  horizontal  or  vari- 
ously inclined  footways  were  required  for  the  determination,  by  means 
of  the  portable  odograph,  of  the  influences  that  cause  variations  in  the 
cadence  and  length  of  steps.  I  often  had  to  go  far  in  order  to  find  all 
the  necessary  conditions. 

Later,  attempting  to  determine  the  best  means  of  utilizing  the  mus- 
cular force  of  man  and  animals,  I  bad  to  compare  the  amount  of  work 
expended  in  the  traction  of  carriages,  both  with  rigid  and  slightly  elas- 
tic traces,  and  npon  differeut  kinds  of  ground.  In  the  neighborhood  of 
the  grounds  of  the  Luxembourg  there  were  certain  avenues  paved  in 
liflerent  ways.    I  here  experimented  with  carriages  drawn  at  different 
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velocities,  following  them  and  carrying;  the  registering  apparatus,  stir- 
rounded  by  an  imi>ortunnt«  crowd  of  carious  peojile. 

At  another  time,  wishing  to  ascertain  the  eBect  which  gymnastic  train- 
ing baa  npoQ  the  movements  of  tbe  heart  and  ou  respiration,  I  liad  to 
transport  my  apparatus  to  tbe  £coIe  de  Joiuville,  to  which  M.  Uillatret 
biudly  offered  me  access. 

Finally,  in  order  to  determine  the  succession  of  the  movements  of  tbe 
horse,  I  bad  to  go  to  the  riding  schools  of  Paris  to  find  tbe  means  of 
making  tbe  necessary  experiments. 

The  annoyance  of  shifting  about  ao  continually  was  but  alight  as  com- 
pared with  the  grave  disadvantages  of  carrying  long  distances  delicate 
inatrnmcuts  whose  slightest  derangement  made  tlie  journey  useless. 
From  that  time  I  had  but  one  desire,  that  of  finding  a  apacious  ground 
where  I  might  unite  a  workshop,  a  laboratory,  and  au  experimental  field. 
I  soon  tboagbt  that  my  wishes  were  about  t«  be  realized. 

In  1878,  the  TJniversal  Exposition  had  just  been  closed,  and  General 
Farre,  then  minister  of  war.  who  wa»  interested  in  my  exi>eriments  on 
tbe  gaits  of  men  and  borses,  offered  to  place  at  my  disposal  some  ground 
in  the  Champ  de  Mors  which  was  in  a  few  mouths  to  be  turned  over  to 
tbe  war  departtueut.  This  was  the  large  space  where  uuw  stands  tbe 
Eiffel  Tower.  An  officer  of  engineers  examined  the  place  and  at  tbe 
end  of  a  few  weeks  sent  me  a  plan  showing  a  i>erfectly  level  circular 
t»Bck  500  metera  in  circumference,  passing  through  the  groupa  of  treea 
there  planted,  and  touching  the  edges  of  the  two  lakes.  At  certain 
times  of  the  day  this  track  was  to  be  given  up  to  experiments.  I  yet 
have  this  plan  which  gave  me  a  certain  transitory  joy.  In  a  fewweeks 
It  happened  that  by  a  certain  arrangement  between  the  General  Gov- 
ernment and  the  city  tbe  grounds  were  assigned  to  tbe  latter  and  I 
thought  for  a  time  that  all  was  lost. 

But  tbe  municipal  council  of  Paris,  which  baa  given  so  many  proofs 
of  its  interest  in  scieuce,  was  soon  to  gratify  my  wishes  beyond  my 
hopes. 

Upon  tbe  motion  of  its  president,  M.  de  H6r<;dia,  the  municipal  coun- 
cil placed  at  my  diaiiosition  a  spacious  ground  at  tbe  Pare  des  Princes, 
and  voted  an  annual  allowance  of  12,000  francs  to  maiiitaiu  tbe  new 
establishment.  The  General  Government  on  its  part,  upon  the  retjuest 
of  M.  Jides  Ferry,  granted  the  sum  necessary  for  tbe  construction  of  the 
buildings.  Finally,  to  add  to  theae  resources,  I  transferred  to  the  new 
locality  the  laboratory  for  advanced  studies  which  I  had  been  conduct- 
ing at  tbe  College  of  France,  iia  well  as  all  tbe  apparatus  ami  instru- 
ments that  1  bad  made  during  more  tbau  tweuty  years. 

Such  was  the  origiu  of  tbe  Physiological  station,  which  is  already 
known  to  many  of  you.  Those  who  may  do  me  the  honor  to  visit  it 
will  not  And  there  monumental  constructions,  but  slight  buildings 
which  during  the  aommer  season  admit  of  the  employment  of  a  con- 
siderable number  of  workers  and  are  arranged  for  all  sorts  of  studies. 
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I  liave  there  been  able  to  resume,  iindeL-  new  nuil  qaite  exact  condi- 
tions, my  studies  of  the  Higtit  of  birds,  experimenting  upon  a  great 
immber oC  diA'ereut  apevies.  By  meaus  of  elirouopbotograpliy  it  has 
been  ])i)88ib)e  to  obtain  a  series  of  tlie  successive  phases  of  a  wing 
stroke  in  the  fonn  of  instautuneous  photographs,  iis  many  as  one  hun- 
dred per  second  being  recently  obttviued.  Thus,  in  a  wing  stroke  so 
rapid  that  the  eye  can  not  follow  it,  the  apparatus  shows  with  perfet^t 
precision  more  than  twenty  snuccssive  ]>base8,  paesiug  from  one  to 
another  by  almost  insensible  transitions. 

The  gaits  of  the  burse  have  been  determined,  not  only  as  regards 
the  8Hccc88ive  beats  of  the  feet,  but  in  a  complete  nuumer;  that  it  t^ 
say,  by  fixing  the  entire  series  of  actions  and  reactions  that  !\re  involve«l. 

The  great  circulai-  and  i>erfeetly  level  track  permits  us  to  analyze  t  be 
walking  and  ninuinj;  paces  of  man  iis  well  as  his  various  physical  exer- 
cises, and  to  determine  the  conditions  most  favorable  to  the  pro]>ei 
utilization  of  muscular  force.  These  studies  have  been  conducted  with 
regard  to  their  priictical  ajiplication,  either  for  the  amelioration  of  tb« 
condition  of  the  soldier  or  for  the  improveuieut  of  the  methods  of  phys- 
ical education.  In  these  researches  I  have  been  greatly  aidtMl  by  tht 
oflScers  of  the  anny  and  by  my  former  assistant,  M,  Demeay,  who,  up 
to  receut  years,  performed  his  duties  with  much  skill. 

I  would  not  speak  of  the  experiments  made  at  the  I*bysiologcal  Sta- 
tion on  a  great  many  physical  and  mechanical  phenomena,  such  as  the 
fall  of  bmlies,  the  resistance  of  the  air,  the  vibrations  of  strings,  the 
movement  of  li<inids,  the  measurement  of  forces  and  of  work,  etc. 
were  it  not  that  these  studies  are  intimately  connected  with  the  physi 
ology  of  movement. 

In  fact,  in  the  locomotion  of  man  and  of  terrestrial  animals  the  lue 
chanical  iictions  of  the  muscles  consist  in  displacing  the  center  of  grav 
ityof  the  body,  either  by  lifting  its  weight  or  by  imparting  to  it  a 
movement  of  translation.  From  these  actions  in  various  directions  w( 
cau  deduce  the  amount  of  work  exi>ended.  In  aerial  locomotion  tht 
action  of  the  muscles  communicates  a  similar  amount  of  movement 
both  to  the  lK»dy  of  the  animal  and  to  the  mass  of  air  struck  by  th( 
wings.  The  same  division  occurs  in  difl'ereiit  kinds  of  locomotion  upon 
the  ground  and  in  the  water. 

The  experiments  already  made  at  the  Physiological  Station  havt 
given  the  approximate  value  of  the  work  expended  in  thedilTerenl 
kinds  of  locomotion.  These  determinations  have  been  checked  by  twc 
different  methods;  on  the  one  hand,  by  measuring  the  forces  and  the 
(luantities  of  movement  by  means  of  registering  dynamometers ;  on  tli€ 
other,  by  estimating  the  forces  acting  at  each  moment  by  the  iuicelera- 
tion  imparted  to  the  mass  of  the  body.'  The  results  derived  from  these 
two  sources  show  variations  of  but  slight  im^iortance,  that  will  ciT 
tuinly  disappear  when  the  methods  of  analyzing  movements  and  force.-' 
ithall  be  lyerfecU.'-d. 


'  Se«  Le  Mouvemeat,  Chapter  IX, 
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At  any  rate  these  experinieiits  luive  clearly  sbown  that  muscular 
brces  behave  in  their  final  resnlt  hk«  other  mechiinical  forces. 
Xew  probleuia  are  now  jtlaci'd  before  us;  let  as  examine  them 

III. 

The  analysis  of  the  movements  of  man  na<l  animals  may  be  made 
'nni  different  points  of  view.  It  is,  indeed,  not  suflicient  to  determine 
le  external  characters  of  tlie  movement;  the  important  matter  is  to 
O'ertaiD  the  mechanism  by  which  tiiat  movement  is  effected  and  to 
wlinguish  the  part  playetl  by  the  different  portions  of  the  locomotor 
,)|)aratas,  muscles,  articular  surfaces,  and  osseous  radii. 
To  a«lapt  it  for  these  different  researches  chroiio  pliotocraphy  may  be 
Dpioyed  in  different  ways,'  sometimes  using  a  movable  plate  and  some- 
iies  a  fixed  plate. 

When  it  is  wished  to  record  the  movements  as  a  whole,  it  is  necessary 
use  chrono- photography  on  a  movable  plate,  for  it  gives  a  series  of 
tire  images  of  the  subject  in  action.  Thus  I'l.  XLVII,  which  shows 
ven  different  attitudes  of  a  j>erson  taking  a  step  in  walking,  gives  the 
cpssary  information  concerning  the  velocity  and  the  extent  of  the 
4|ihtcemcnts  of  the  body  and  the  limbs  as  well  as  the  state  of  con- 
iction  or  relaxation  of  certain  muscles  shown  in  relief  under  the  skin, 
it  in  order  to  bo  well  understood  these  independent  images  should  bo 
iced  in  their  relative  positions,  and  this  is  done  by  means  of  a  series 
jQCce'ssive  tracings,  examples  of  which  will  shortly  be  given. 
This  laborious  and  delicate  operation  makes  the  analysis  of  move- 
>nt  a  long  process;  this  may,  however,  be  shortened  in  certain  cases, 
was  Just  because  I  wished  to  get,  at  a  single  exposure,  a  photo- 
ai>hic  outline  of  a  movement  that  1  conceived  the  idea  of  chrouo- 
lotography  upon  a  fixed  plate.  With  this  method  it  is  true  the 
lages  of  a  moving  man  or  an  animal  are  reduced  to  a  few  brilliant 
'ints  and  lines,  but  this  is  generally  suflicient  to  mark  the  action  of 
e  limbs  in  the  different  gaits. 

It  is  not  only  in  locomotion  properly  so  called  that  movements  orcur 
at  are  of  scientific  interest;  mastication,  respiration,  sjicecb,  expres- 
>n  of  the  countenance,  partial  movements  of  the  limbs,  hands,  or  feet 
e  of  no  less  interest. 

Supi>08e,  for  example,  that  it  is  desired  to  ascertain  the  movements 
the  lower  jaw  by  cbrono-photography  on  a  fixed  plate.  - 
The  t«eth  of  the  lower  jaw,  first  well  wiped,  are  placed  in  one  of 
ose  metallic  molds  full  of  wax,  which  dentists  use  for  taking  impres- 
ons.  Upon  this  solid  base  there  is  fixed  a  bright  metallic  rod  (fig.  1, 
I.  XLVIII),  whose  angular  curvature  exactly  follows  that  of  the  lower 
w.  This  rod,  placed  outside  of  the  Jaw,  shows  clearly  upon  a  snndl 
leceof  velvet  that  forms  for  it  a  dark  background  (fig.li,  PI.  XLVIII). 

■  See  liO  Uonvemeat,  Chapters  IV  and  VII. 
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If  a  aeries  of  aaocea»ive  pliotograplis  in  takes  upon  a  fixed  plate 
during  the  act  of  opening  or  closing  the  mouth,  the  figure  thas 
obtained  gives  all  the  positions  successively  occupied  by  the  bright 
rod,  and  eonseijnently  all  the  diaplaceraents  of  the  lower  jaw  itself. 
Now  it  will  be  seoii  that,  by  reaxon  of  the  sliding  of  the  condyles  of  the 
Jaw  in  the  glenoid  cavities,  the  center  of  movement  is  found  very  low 
uiK>u  the  ascending  ramus  near  the  angle  (fig.  .1,  PI.  XLVIII). 

In  rnoveroentH  of  mastication  this  line  takes  different  positions 
according  as  we  chew  npon  the  incisor  or  upon  the  molar  teeth.  It  ba« 
still  other  movements  during  speech  or  in  displacement  of  the  cbia 
either  forward  or  backward  (fig.  4,  PI.  XLVIII). 

In  these  experiments  chrono- photography  gives  us  a  true  sketch  of 
the  movements,  and  as  the  length  of  the  bright  rod  is  exactly  equal  to 
that  of  the  lower  Jaw  its  end  traces  out  exactly  the  form  of  that  part 
of  the  glenoid  surface  upon  which  the  condyle  slides.  This  experiment 
already  shows  us  the  necessary  interdependence  between  the  forma  of 
organs  and  the  I'onns  of  movements.  It  would  be  carious  to  follow  out 
in  a  scries  of  animal  siiecies  this  anatomn-physiological  parallel. 

It  should  l»e  noted  that  those  experiments  were  made  under  very 
simple  conditions  and  that  it  was  not  necessary  to  use  the  chrono- 
photographic  a|i)>aratn8. 

In  this  case  it  was  of  but  little  importance  to  find  the  velocity  and 
phases  of  movement  of  the  lower  jaw;  it  was  only  desired  to  determine 
the  successive  positions  of  the  Jaw  at  the  different  degrees  of  opening 
the  mouth,  a  perfet^t  equality  in  the  intervals  of  time  separating  the 
dtfl'ercnt  images  being  unnecessary.  Besides,  these  experiments  were 
made  in  wint«r,  with  a  difi'nsed  and  quite  feeble  light,  a  long  exposure 
(about  one-fourth  of  a  second)  1>eing  necessary.  The  procedure  was 
as  follows: 

An  ordinary  photographic  apparatus  provided  with  a  pneumatic  shnt- 
ter  was  trained  npon  the  snbject-of  experiment.  This  subject  having 
his  head  firmly  supported  from  behind  so  as  to  fix  it,  opened  bis  month 
at  several  successive  degrees  of  wideness,  stopping  an  instant  after 
ciich,  so  that  a  photograph  might  bo  taken.  The  figure  thus  obtained 
diflers  in  no  respect  from  that  which  the  chrono-photographic  apparatas 
might  have  given,  except  that  the  intervals  separating  two  successive 
images  are  arbitrary. 

When  it  is  wished  to  determine  the  trajectory  of  a  point,  an  ordinary 
photographic  apparatus  is  also  sufficient.  In  this  case  tlie  shutter  is 
held  open  during  the  entire  movement,  and  if  the  point  is  brilliant  aud 
shown  upon  a  dark  background  it  traces  its  trtyectory  in  the  form  nf  a 
continaous  line.  It  is  in  this  manner  that  I  was  able  to  determine  the 
character  of  the  movement  of  the  atlas  upon  the  axis,  according  to  the 
trajectory  made  by  a  brilliant  point  fixed  upon  the  occipnt. 

The  movements  of  the  ribs  during  respiration  are  determined  in  a 
similar  manner.    These  movements  are  very  complex  becanse  of.  the 
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cnrrature  of  the  ribs,  the  noequal  flexibility  of  their  cartilages,  and 
their  multiple  articulations  both  with  the  bodies  and  transTerse  proc- 
esses of  the  vertebrie  and  with  the  stemam  and  costal  cartilages. 
Without  points  of  reference  observation  of  the  movementB  of  the  ribs 
was  absolutely  impossible;  the  nature  of  these  displacements  has  there- 
fore been  heretofore  determined  according  to  certain  theoretical  con- 
siderations. ExperEmeutation  gives,  on  the  contrary,  very  exact  results. 
A  series  of  small,  black  rods  (fig.  1,  plate  XLIX)  presses  loosely  upon 
the  walls  of  the  chest,  each  resting  npon  a  rib  by  one  of  its  extremities 
and  bearing  near  this  point  a  very  brilliant  pearl.  An  ordinary  photo- 
graphic apparatns  is  turned  toward  the  subject  of  experiment,  who, 
strongly  illnminated,  is  placed  before  a  black  background.  If  the 
exposure  lasts  dnring  the  entire  respiratory  movement  we  obtain  Ag.  1, 
in  which  each  of  the  brilliant  pearls  has  traced  the  movement  of  the 
subjacent  rib.  At  the  first  glance  it  is  seen  that  each  rib  has  its  own 
special  movement. 

This  is  not  the  place  to  analyze  the  mechaniBm  of  this  movement.  I 
may  say,  however,  that  among  the  divers  opinions  which  have  been 
held  by  authors  that  of  Chabry  accords  the  best  with  the  results  of  the 
experiments. 

If  it  is  required  to  know  the  natnre  of  the  movement  of  the  anterior 
wall  of  the  chest,  we  apply  upon  that  wall  the  series  of  rods  and  obtain 
the  tn^ectory  of  each  of  tbe  points  of  that  wall  from  the  epigastrium  to 
the  superior  part  of  the  sternum.  We  then  see  that  the  epigastrium 
has  but  a  slight  upward  movement,  while  the  sternum  moves  obliquely 
upward  and  forward. 

Similar  researches  repeated  upon  different  species  of  animals  wonid 
doubtless  give  interesting  results  as  to  tbe  comparative  physiology  of 
respiration  considered  from  a  mechanical  point  of  view. 

Another  very  important  study  is  that  of  respiratory  types.  It  has 
been  supposed  that  women  breathe  esjieciaEly  by  means  of  the  upi>er 
part  of  the  thorax  {superior  costal  type),  and  men  by  tbe  diaphragm 
(alMlominal  type).  Hutchinson  has  shown  these  two  types  by  tracing 
on  a  wall  the  silhouette  of  a  man  and  that  of  a  woman  in  the  two 
extreme  states  of  inspiration  and  expiration.  But  the  hand  hiis  not 
time  to  trace  the  profile  of  the  thorax  and  of  the  abdomen  during  tbe 
few  instants  in  which  inspiration  reaches  its  extreme  limits;  besides,  if 
the  sabject  stops  his  respiratory  movements  a  moment,  nothing  proves 
that  the  thorax  and  the  abdomen  keep  the  respective  positions  which 
they  had  in  normal  respiration. 

Photography  replaces  with  advantage  the  tracing  of  the  silhouettes. 
An  ordinary  apparatus  provided  with  a  pneumatjc  shutter  is  trained 
a|>on  tbe  subject.  A  picture  is  taken  during  inspiration,  another  dur- 
ing expiration,  and  we  thus  obtain  a  double  contoiir  for  all  parts  of  the 
trunk  displaced.  We  thns  show  that  in  a  woman  without  a  corset 
respiration  occurs  as  it  does  in  a  man — that  is  to  say,  that  the  thorax 
and  the  abdomen  both  take  part  in  it.  ,  GooqIc 
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In  thin  repreaentation  of  attitudes  tbe  leg  is  sup[>08ed  to  occnp;  bdc- 
cessive  planes  superposed  uiK>n  each  other,  so  that  the  last  imagi:: 
covers  partially  those  which  preceile  it.  The  contours  covered  by  the 
following  image  are  represented  by  dotted  tines. 


uid  luccsulve  iwaitiuiu  of  the  riiiht  bind  Iggot  >  huiaa  diuinfiasMp  In  vulkinf 

Repeating  this  same  operation  for  another  species  of  animal,  we 
obtain  (tig.  2)  the  series  of  attitudes  of  the  bind  leg  of  a  dog  walking, 
and  (flg.  3)  a  similar  series  for  a  sheep.  In  these  la«t  two  figures  an 
Htt«mpt  has  been  made  to  represent  by  dotted  lines  the  contours  of  the 


•  of  a  dog  dnring  a  atop  In  nltiof 
len  biud  kg. 

left  bind  leg,  t^o  au  to  show  the  alternation  of  movements  between  tbe 
two  legs. 

At  the  first  glance  it  is  seen  that  in  difTerent  Bi>ecies  of  animals  the 
lengtli  of  the  step  in  relation  to  the  height  is  very  4liffflrent.  This  in^ 
quality  is  much  greater  to  rapid  gaits  and  in  certaia  animals  of  emiH 
stature.  ,h,Cooc^lc 
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Photoqraph  of  a  oallopino  Horse  enlarged  to  S  Diameters. 
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But  I  ean  oot enter  into  detail  regarding  these  special  comparative 
stndies  which  afaow  analogies  and  differences  l>etweeu  variouB  species 
of  animals  in  Accordance  with  their  anatomical  stractare. 

The  absolnUt  fidelity  of  these  ebrono-photographic  outlines  allows  us 
to  estimate  the  value  of  certain  analyses  of  the  movementtjof  limbs 
made  by  different  authors.  The  most  exact  are  certainly  those  of  Yin- 
cent  and  (ioiffon.  We  can  not  too  greatly  admire  the  sagacity  of  these 
authors  who  have  given  so  faithful  a  representation  of  the  movemeuts 
of  the  horse  in  slow  gaits. 

Finally,  these  same  pictures  permit  us  to  determine  the  action  of  cer- 
tain muscles  at  different  phases  of  the  gaits.  I)y  starting  from  the  suc- 
cessive attitudes  of  the  limbs  we  reach  the  physiological  mechanism  of 
the  movements  under  consideration. 


ifcz 


TbB  ilDttal  lines  Bkaw  th«  iXHlttonii  or 

Tlie  sagacity  of  physiologists  has  often  been  tried  by  these  obscure 
tjaestions,  Maissiat' more  than  anyone  else  has  attempted  to  eluci- 
date the  part  played  by  muscles  in  the  walk  of  man.  He  has  done  in 
this  respect  all  that  can  be  done  by  subtle  observation  joined  to  a  pro- 
found knowledge  of  the  laws  of  mechanics. 

But  in  questions  of  this  kind  the  keenest  intelligence  can  not  attain 
the  precise  results  that  are  obtained  by  an  exact  method.  Already,  by 
using  localized  elctitrization,  Duchenne,  of  Boulogne,  has  shown  tn 
man  the  special  functions  of  the  individual  muscles;  be  has  shown  that 
in  the  various  acts  of  locomotion  the  muscles  are  associated  by  groups, 
synergistic  or-  antagonistic,  and  that  each  movement  is  a  resultant  of 
these  combined  forces. 

More  powerful  methods  allow  us  to  now  elucidate  these  questions. 

Upon  the  photographs  of  an  animal  in  motion  we  may  mark  the 
origin  and  insertion  of  muscles  which  we  have  learned  from  our  ana- 
tomical specimens,  and,  Joining  these  insertions  by  one  or  more  marks, 


*  jAoqoM  Haiuiat,  Eitudes  ile  pbysiqne  animale,  4'^,  Pftrta,  1813. 
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we  will  have  for  each  attitadeof  a  limb  the  length  shown  by  each  mus- 
cle viftible  ill  the  llgure  under  consideration.  We  cau  easily  follow 
upon  the  series  of  photographs  the  phases  of  the  shortening  or  lengtli- 
eoiug  of  these  muscles — that  is  to  say,  their  contraction  or  their  relaxa- 
tion. We  may  finally  trace  the  curve  or  change  of  length  of  these 
tlifierent  mnscles  according  to  time,  and  compare  the  relations  which 
exist  between  certain  muscular  acts  and  the  reactions  imparted  to  the 
body  of  the  animal. 

As  soon  as  we  know  the  action  of  the  different  nmscles  daring  the 
different  phases  of  movement  of  an  animal,  we  shall  have  the  ^re-ater 
part  of  the  data  necessary  for  nuderstauding  the  mechanism  of  loco- 
motion. Now,  this  knowledge  can  not  be  acquired  by  simple  observa- 
tion, for  the  most  sustained  attention  concentrated  on  the  action  of  a 
single  muscle,  can  with  difficulty  catch  the  phases  of  activity  and  of 
re|>05e  even  for  the  slowest  gait.  How,  then,  can  we  hope  to  catch  the 
action  of  all  the  museleH  of  the  limbs  at  all  phases  of  a  rapid  gaitT 

Such  is  the  general  plan  for  the  study  of  comparative  locomotion 
which  I  have  .just  undertaken.  This  long  task  is  as  yet  but  little 
atlvanced,  but  the  results  which  it  promises  are  worth  all  the  efforts 
which  it  will  cost. 


Certain  minds  valne  science  only  for  its  practical  application.  To 
such  we  may  recall  what  the  Physiological  Station  has  already  done  and 
show  what  it  may  be  expected  to  do.  The  physician  may  seek  there 
new  means  for  the  diagnosis  of  certain  maladies  and  for  investigating 
the  effects  of  their  treatment;  the  soldier  may  study  there  the  proper 
regulation  of  marching  so  as  to  diminish  fatigue  and  use  to  greater 
advantage  the  bodily  forces;  the  educator  of  youth  may  learn  how  to 
logically  direct  gymnastic  exercises;  the  artist,  how  to  represent  more 
truthfully  the  scenes  that  he  wishes  to  depict;  the  agriculturist,  how 
to  use  to  tlic  best  advantage  the  strength  of  auimals;  the  artisan, 
how  to  more  quickly  acquire  the  skill  necessary  for  his  professional 
labors.  It  seems  that  the  utilitarian  side  of  physiology  has  up  to  the 
l>resent  time  been  the  best  appreciated. 

But  science  has  also  other  functions;  it  gives  a  lofty  satisfaction  to 
the  mind  by  causing  us  to  comprehend  the  marvelous  harmonies  of 
nature.  The  astronomer  who  knows  how  to  calculate  the  movement 
of  the  Ntars,  to  measure  their  distance,  estimate  their  masses,  and  even 
determine  their  chemical  composition,  must  have  a  more  lively  intellect- 
ual pleasure  than  the  ordinary  contemplator  of  the  sbuiy  vault.  There 
is  no  doubt  that  zoology  and  physiology,  mutually  elucidating  each 
other,  give  us  a  grander  conception  of  the  animal  kingdom  by  showing 
its  ai;tinn  in  all  its  beauty. 

I  imagine  that  this  evolution  of  the  natural  sciences  will  be  effected, 
-vs  may  be  said,  of  itself,  by  the  patient  and  methodical  collection  of 
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anatoDiival  facts  and  exiierimental  detoTmiRatioQa.  And  since  we  are 
considering  Lereonly  the  comparative  physiology  of  animal  locomotion, 
1  believe  that  it  is  easy  to  point  out  the  saccesslve  stages  which  onght 
to  lead  to  this  reanlt. 

First,  the  animal  forms  should  be  grouped  according  to  the  type 
of  motion  peculiar  to  them,  so  as  to  bring  into  notice  their  general 
anatomico-phyBiological  relations.  This  we  have  now  begun  to  do,  and 
it  18  already  evident  that  many  of  these  relations  depend  upon  ordinary 
laws  of  mechanics.  These  relate  to  mnscles,  bones,  and  articular  sur- 
faces. As  regards  this  I  cau  only  sammarize  faere  what  I  have  given 
elsewhere  with  more  detail.' 

The  relation  existing  between  the  form  and  the  functions  of  muscles 
is  as  follows:  The  extent  of  the  movement  of  a  muscle  is  in  jtroportiou 
to  the  length  of  its  red  fibers;  its  force  is  proportional  to  the  cross- 
section  of  such  fibers;  the  work  it  can  perform  is  proportional  to  its 
weight. 

Tbese  relations,  the  first  of  which  was  established  by  Borelli,  can 
easily  be  verided  upon  the  muscles  of  a  single  animal.  They  explain 
also  why,  in  two  different  species,  homologous  muscles  have  different 
anatomical  characters;  it  is  because  the  functions  of  the  muscles  difier 
in  the  two  species. 

It  will  be  seen  that  in  order  to  carry  fnrtlier  theauatomico-physiolog- 
ical  relatiou  it  will  be  necessary  to  determine  with  great  precisiou  the 
functions  of  each  muscle  and  the  peculiarities  of  its  movements;  it  is 
precisely  for  that  purpose  that  the  experiments  have  been  undertaken 
which  I  have  cited  above. 

The  form  and  length  of  the  bones  correspond  to  that  of  the  muscles 
attached  to  them,  and  to  which  tliey  seem  subordinated,  as  is  shown 
by  the  beautiful  experiments  of  Fiek ;  the  coufigurntion  of  the  articu- 
lations shows  the  character  of  the  movements  which  they  i)ermit. 

Let  us  consider,  for  example,  the  form  of  the  heatl  of  the  humerus  in 
different  animals.  We  see  that  it  has  a  spherical  curvature  in  man, 
noukeys,  and  Icmnrs,  iu  which  animals  movements  in  every  direction 
are  allowed;  that  it  is  cylindrical  iu  ruminants  and  pachyderms  whose 
anterior  limba  move  backward  and  forward,  parallel  to  the  axis  of  the 
body;  elliptical  in  birds  whose  wings  move  with  une^final  amplitude  iu 
two  directions  i)erpeudicnlar  to  each  other.  It  is  impossible  uot  to  see 
that  there  is,  between  the  form  of  the  articular  surfaces  and  the  move- 
ments, a  necessary  relatiou  which  permits  us,  when  we  know  the  char- 
acteristics of  the  movement,  to  predict  what  will  be  those  of  the  organ, 
and  vice  versa. 

A  long  habit  of  comparing  with  each  other  the  skeletons  of  different 
animals  enabled  Cuvier  to  recognize  among  the  different  bones  of  an 
animal  certain  relationships  which  he  called  the  snbordination  of 
characters.    A  bone  of  a  (rertaiu  form  implied  the  existence  of  certain 
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characteristics  in  tbe  other  pieces  of  the  skeletuu.  Oar  great  natural- 
ist could  therefore,  to  repeat  an  espreseiou  that  has  become  classical, 
restore  from  a  single  boue  the  entire  skeleton  of  the  animal  to  which 
that  bone  belonged. 

Without  the  long  practice  of  a  Cuvier,  we  may,  by  taking  for  our 
guide  ail  atom  ico-pby  Biological  relations,  arrive  at  dctermiuatious  of  a 
similar  kind  which  may  seem  astonishing  to  those  who  do  not  kuow 
the  theory  by  which  they  are  reached. 

I  have  shown  that  it  is  sufiicient  to  see  the  wing  of  a  bird,  or  even 
the  bones  of  the  forearm  of  that  wing,  to  deduce  the  dimensions  of  the 
sternum.'  These  relations  have  not,  as  far  as  1  am  aware,  been  indi- 
cated by  anatomists.  They  are  as  follows:  Birds  with  small  wings 
have  the  stern  urn  long  and  narrow;  those  with  the  large  wings  have 
that  bone  broad  and  short.  This  relation  is  easy  to  verify  on  the  skele- 
tons of  birds  in  zoological  collections.  The  considerations  which  led 
me  to  predict  this  are  as  follows: 

In  watching  the  flight  of  birds  it  is  seen  that  large-winged  species 
have  wing  beats  of  but  slight  extent,  Tliis  is  because  the  large  sur- 
face of  their  wings  finds  a  strong  resistance  in  the  air.  Species  that 
have  but  little  wing  surface  have,  on  the  coutrary,  wing  beats  of  great 
amplitude  in  order  by  motor  work  and  by  the  length  of  the  path 
described  to  make  amends  for  the  feeble  resistance.  Having  such  dis- 
similar movements,  these  two  kinds  of  birds  ought  to  have  correspond- 
ing difi'erences  in  the  great  pectoral  muscles  that  lower  the  wings.  In 
the  first  these  muscles  are  large  and  short;  in  the  second,  long  and 
slender.  But  the  stcnmui,  in  the  lateral  fossie  of  which  these  muscles 
are  inserted,  must  correspond  in  its  form  to  that  of  the  muscles  them- 
selves. It  must  tliereforo  be  broad  and  short  in  the  first  type  of  birds, 
long  and  narrow  in  the  second.  All  sorts  of  intermediate  forms  exist 
between  these  two  extremes. 

A  comparison  of  the  skeletons  of  birds  shows  that  it  is  really  so. 
Still,  gallinaceous  birds  seem  to  offer  an  exception  to  the  rule;  they 
have  a  sternum  too  short  for  the  small  surface  of  their  wings.  But  in 
these  s[>ecie8  the  great  length  of  the  coracoid  bones  really  prolongs  the 
sternum,  so  that  the  exception  to  the  general  rule  is  only  apparent. 

The  same  kind  of  relations  led  me  to  predict,  from  the  conformation 
of  the  muscles  of  the  calf,  a  curious  peculiarity  of  the  skeleton  of  the 
negro.  Comparing  the  calves  of  the  negro  with  those  of  the  white  man 
it  is  seen  that  in  the  first  the  gastrocnemii  are  much  longer  and  more 
slender,  which  allows  us  to  conclude  that  the  muscles  have  less  force 
hut  more  range  of  motion  in  the  black  race.  Now,  to  got  the  same 
results  of  work  expended  in  walking,  it  is  necessary  that  the  muscles 
should  act  upon  a  longer  lever;  or,  to  state  it  otherwise,  that  the  dis- 
tance sliould  be  greater  betweeu  the  end  of  the  calcaneum  and  the  center 
of  movement  in  the  ankle  joint.    Measurements  show  that  this  predic- 
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tion  is  correct;  tbe  diflereDce  id  tbe  length  of  the  calcaneum  ia  the  two 
races  is  euortnons,  tho  ratio  beiug  ns  7  is  to  5. 

The  constant  examiDatiou  of  the  physiological  relations  ezistiDg 
between  the  form  of  the  locomotor  organs  and  tho  ty[je  of  locomotion 
in  the  diflerent  npecies  of  animals  is  tho  directing  idea  of  the  stndies 
that  are  pursaed  at  the  Physiological  Station.  There  is  no  doabt  that 
every  advance  iu  onr  knowledge  of  the  raovements  of  locomotion  will 
bring  out  more  flearly  the  |>erfect  harmony  that  exists  between  an 
organ  and  its  fuuction. 

VI. 

I  hare  trie<l  to  show  by  examples  the  happy  cfTcct  of  a  union  between 
comparative  anatomy  and  physiology.  Anatomy  alone  may  reveal  cer- 
tain unexplained  relationK  between  organs — the  law  of  the  subordina- 
tion of  characters  is  of  this  nature — bnt  the  law  of  harmony  between 
organs  and  their  fiinctionK  is  dcdncetl  from  acijuaintance  with  the 
physio logii'al  stctivities  of  each  part  of  the  body;  it  doi's  not  content 
itself  with  simply  stating  tbu  fact,  but  explains  it,  and  thus  completely 
satisfies  the  mind. 

This  i.-*  not  yet  all.  Natnralists  have  always  sought  to  ascertain  how 
the  conformity  between  an  organ  and  its  functions  is  ttctually  brought 
about.  From  this  research  originated  the  doctrine  of  final  canseii 
which  has,  iu  our  days,  been  replaced  by  more  satisfactory  liyputbeses 
tending  to  show  that  the  different  types  of  animals  have  been  evolved 
during  the  progress  of  agesbytheiu-tioiiot'  forces  effecting  a  closer  and 
closer  adaptation  to  the  varying  conditions  iu  which  they  are  placed. 
This  is  tbe  doctrine  of  transformism  or  evolution. 

But  how  shall  we  explain,  in  its  turn,  this  evolntJou  by  tho  action  of 
natural  forcest  Certain  zoologists,  like  Buffon  and  Lamarck,  admit 
that  exterior  influences  may,  in  a  more  or  less  direct  way,  induce  modi- 
fications of  organs;  others,  such  as  Darwin  and  Wallace,  hold  that 
certain  variations  are  transmitted  by  heredity  when  their  effect  is  such 
as  to  better  adapt  the  beings  that  possess  tbem  for  liviug  in  the  condi- 
tions in  which  they  are  placed,  and  to  better  fit  tliem  to  resist  agencies 
that  canse  their  destruction. 

Twenty  years  ago,  in  discussing  these  two  hypotheses,'  1  ventured  to 
hope  that  experimentation  might  decide  this  question,  or  at  least  assign 
au  etjuitable  part  to  the  diffcrtMit  factors  of  evolution.  Tho  eminent 
surgeon,  J.  Gutjrin,  struck  at  seeing,  after  luxations,  a  tendency  to  the 
formation  of  a  new  joint  with  cartilages,  synovial  membrane,  and  liga- 
ments, said  "  Function  makes  the  organ."  This  aphorism  expresses 
the  ideas  of  Lamarck  and  Buffon;  certain  pathological  cases  amount, 
indeed,  to  actual  exi>eriments,  and  show  that,  in  a  living  being,  mechan- 
ical forces  may  bring  about  an  a<!aptation  of  organs  resulting  in  a 
change  in  their  functions. 
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Gaided  by  certain  theories  it  occurred  to  me  that  the  muscalar  sys- 
tem might  also  be  moiUfled  aud  the  form  of  a  muscle  changed  by 
altering  tfae  raoge  of  its  movements.  The  result,  as  we  shall  see,  has 
confirmed  my  anticipations. 

Let  ns  take  np  again  the  well-marked  example  of  the  aaeqnal  len^h 
of  the  gastrocnemit  muscles  in  the  white  man  and  in  the  negro.  If  the 
wbite  man,  as  we  have  siiid,  has  the  shorter  ualf,  it  is  on  account  of 
the  shortness  of  his  calcaneum.  tSuppose  that  the  length  of  the  calca- 
ueum  in  an  auimul  is  diminished.  If  the  muscle  adapts  itself  to  the 
new  conditions  of  work  it  ought  to  diminish  in  length. 

The  rabbit  is  well  adapted  for  such  an  experiment.  It  has  a  very 
long  calcaueuiu,  aud  consequently  the  extensor  muscles  of  the  foot 
have  very  long,  red  fibers.  I  resected  in  a  rabbit  a  third  of  the  length 
of  the  calcaneum,  and  placed  the  limb  operated  upon  in  a  piaster  cast 
until  the  bone  was  entirely  nnit«d.  The  animal  was  then  set  free  in  a 
large  yard,  where  soon  it  was  running  about  with  as  much  agility 
as  its  companions.  At  the  end  of  a  year  the  rabbit  was  killed  and  it 
was  seen  that  upon  the  side  operated  upon  the  muscles  had  become 
modified  in  accordance  with  the  theory.  The  red  fibers  were  reduced 
to  about  a  third  of  their  length  and  replaced  by  tendon.  A  com- 
parison of  tbe  sound  limb  with  that  operated  uim>u  showed  this  change 
in  a  striking  manner. 

I  made  an  experiment  which  was  the  converse  of  this  by  an  oper- 
ation niK>n  a  kid.  In  this  species  only  the  nugnal  extremity  of  the  foot 
strikes  tbe  grouud,and  the  calcaneum,  always  raised,  moves  but  slightly 
in  walking.  The  resection  of  this  bone  had,  therefore,  but  little 
effect  either  njion  the  mode  of  locomotion  of  the  aoimal  or  upon  the 
character  of  its  muscles. 

Finally  M.  W.  Konx  lias  given  numerous  examples  of  the  modifica- 
tions of  the  muscles  of  man  after  partial  anchyloses  which  reduced, 
more  or  less,  the  range  of  movements.  lie  has  shown  in  a  great  num- 
ber of  autopsies  a  diminution  in  the  length  of  tbe  red  fibers  and  their 
replacement  by  tendon.  This  diminution  in  length  was  always  propor- 
tional to  the  reduction  wbicb  had  oct^urred  in  the  range  of  movement. 

The  adaptiitions  of  muscles  to  mechanical  conditions  experimentally 
created  by  mutilations  is  then  well  established.  It  is  more  than  prob- 
able that  similar  adaptations  may  be  obtaine<1  in  tbe  length  of  tbe 
muscles  of  animals  by  placing  them  in  conditions  where  they  would  be 
forced  to  make  movements  more  extensive  than  those  of  their  normal 
life,  by  obliging  them,  for  exam]>le,  to  leap  or  climb  to  get  their  food. 
I  will  shortly  cite  some  facts  of  this  kind. 

But  even  if  it  is  shown  that  in  an  individual  the  muscles  and  tbe 
skeleton  become  adapted  to  conditions  of  work,  this  would  not  be  sufli- 
cieiit  to  explain  transformism.  It  is,  in  fact,  necessary,  in  order  to  cause 
a  variation  of  species,  that  the  modification  acipiired  by  individuals 
should  be  transmitted  to  their  descendants  by  heredity. 
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Now,  except  in  certain  rare  cases,  the  effects  of  the  mntilatioii  of  peri- 
pheral organs  are  not  traunniitted  to  the  offspring.  But  it  is  not  the  same 
with  lesions  that  affect  the  uervons  system.  This  fact  has  been  well 
established  by  the  experiments  of  Brown-Seqnard.  In  gaioea  pigs 
this  emioent  phymologist  saw  carioas  defonoations  of  the  limbs  and 
exophthalmia  produced  as  a  conseqnenceof  nervous  lesions;  and  these 
modificatiouB  may  be  transmitted  hereditarily  throughout  a  long  series 
of  generations.  It  seems  that  in  sncli  cases  the  traumatism  has  affected 
function  at  its  Tery  origin;  that  is  to  say,  in  the  organ  placed  at  the 
bead  of  the  physiological  hierarchy. 

There  is,  indeed,  an  evident  subordination  among  the  different  parts 
of  the  organism;  the  nervous  system  conceives  acts  and  directs  them 
to  be  carried  out;  the  muscles  perform  (hese  nets;  the  bones  and  the 
articulations  bear  the  strains.  May  we  not  suppose  that  some  new 
I'xterior  ctrrumstauces  excite  iQ  an  anaccut'tomed  manner  the  nervous 
system  of  an  animal  so  that  new  conditions  bring  about  new  nets  and 
conseqaently  lead  to  a  modification  of  organsf  The  modificntions  thus 
produced  would  be  transmissible  by  heredity  as  in  the  experiments  of 
Brown -Sequard.  We  might  thus  explain  the  transformation  of  animals 
during  the  lapse  of  ages:  The  variations  of  the  environment  create 
new  needs  and  excite  to  new  act«,  affecting  first  the  nervous  system, 
which  gradually  modifies  the  organs  subordinate  to  it. 

Thus  in  the  course  of  the  past  two  centuries  the  breed  of  race  horses 
has  diverged  markedly  from  its  primitive  form.  _  The  excitation  to 
more  rapid  and  more  energetic  muscular  action  is  the  cause  of  the 
modifications  revealed  by  comparative  anatomy,  whicli  are  in  great 
part  hereditarily  transmitted. 

Jonathan  Franklin  states  that  kangaroos  bred  in  captivity,  having 
no  longer  as  in  their  natural  habitat  to  bound  over  the  tall  grass,  begin 
to  use  their  fore  limbs  for  walking  and  running,  while  they  lose  in  part 
the  robust  character  of  their  tails  and  the  power  of  their  hind  logs. 
M.Tegetmeier'  states  that  rabbits,  although  im|>orted  into  Australia  in 
quite  recent  times,  have  already  shown  notable  modifications,  and  have 
acquired  by  climbing  trees  habits  which  they  did  not  have  in  the  country 
of  their  origin.  These  fju^ts  and  other  similar  ones  should  be  rigor- 
ously investigated.  The  physiological  and  anatomical  modifications  of 
all  such  cases  should  be  determined  with  precision,  so  as  to  ascertain 
if  they  correspond.  If  these  modifications  are  real  and  their  heredi- 
tary transmission  is  well  established  the  theory  of  evolution  will  be 
experimentally  demonstrated. 

You  see  how  many  questions  present  themselves  and  bow  vast  is  the 
experimental  field  in  which  the  Physiological  Station  may  be  nsed.  I 
hope  that  I  may  liave  inspired  you  with  a  desire  to  seek  a  solution  to 
all  these  problems.  The  task  is  long  and  difQcult,  but  it  is  not  beyond 
the  scope  of  the  experimental  methods  at  our  disposal. 

'  lu  Land  onil  WaliT,  Loudou,  1892. 
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As  for  myself,  I  am  do  looger  ali  an  age  wbeo  great  projects  are  pos- 
sible. It  is  my  desire  to  associate  in  my  enterprise  those  wbo  may 
have  the  time  and  tlie  necessary  force  to  continue  it.  For  this  reason  I 
ask  you  to  make  use  of  the  resources  of  the  Physiological  Station.  Yon 
will  find  there  means  of  study  applicable  to  the  moat  varied  subjects 
and  sometimes  even  pecuniary  subsidies,  too  often  wanting  to  workers. 

Nothing  condnces  more  to  tho  development  of  science  than  the  asso- 
ciation iu  the  same  work  of  men  wliose  knowledge  and  aiititudes  differ. 
I'bystcists,  machinists,  anatomistH,  and  physiologists  mutuallyeulighteti 
and  supplement  each  other.  The  animal  organism  will  offer  to  them  a 
valuable  field  of  study,  for  in  its  physical  and  mechanical  phenomena  it 
gives  simple  and  admirable  solutions  of  an  infinity  of  problems. 

This  idea  that  difl'erent  branches  of  knowledge  should  be  brought 
together  is  not  a  now  one;  it  has  been  considere<l  in  the  organlzadou 
of  our  great  establishments  for  superior  instruction,  bat  tho  combina- 
tion is  not  made  in  an  effective  manner;  physicists,  chemists,  and 
mathematicians  work  near  each  other,  bnt  they  do  not  work  together. 
And  this  results  from  the  very  necessities  of  teaching,  which,  in  order 
to  secure  clesu-ness  of  exposition  and  good  methiKls,  must  necessarily 
present  each  branch  of  science  as  isolated  from  the  others  and  sulli- 
cicnt  unto  itself. 

Tho  fnsion  of  different  sciences  can  not  lie  effected  at  this  time  except 
in  matters  of  research ;  this  promiseH  imitortant  discoveries,  bnt  we  must 
not  ask  of  it  the  material  for  regular  teaching.  Tho  Physiological  Sta- 
tion is  simply  an  establishment  for  original  research,  where  I  invite  you 
to  unite  your  efforts  and  your  learning  for  the  resolution  of  the  prob- 
lems that  I  have  just  concisely  placed  before  you.  If  you  respond  to 
my  appeal,  each  of  you,  I  am  sure,  will  find  it  to  his  proiit. 

As  for  myself,  I  shall  owe  you  the  gratification  for  which  I  am  most 
ambitions,  that  of  having  been  useful. 
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By  Alkbku  K.  Wallack. 


The  modern  doctrine  of  orfriinic  evolution  may  be  said  to  date  from 
the  gresit  Prencli  iiatitr!Lli»t  Biift'on,  who,  more  than  a  buiidred  years 
before  the  piibliciition  of  the  Origin  of  Si)ecies,  clearly  indicate<l  his 
belief  in  the  mutability  of  Hpecilic  and  giMieric  forms,  although,  owing 
to  the  iM}wer  of  the  church  in  his  day,  be  was  often  obliged  to  veil  his 
opinions  nnder  the  guise  of  hypotheses,  which,  as  tbey  were  op[>osed  to 
religion,  of  <;ourse  could  not  be  true.  Yet  lie  occasionally  speaks  very 
plainly,  as  when  he  says : 

^'Katore,  I  maintain,  is  in  a  state  of  coutiitnat  Has  and  movement;" 
and  again — 

"  What  can  not  nature  effect  with  Bucb  means  at  her  disposal  t  She 
can  do  all  except  either  create  matter  or  destroy  it.  These  two 
extremes  of  power  the  I>eity  has  reserved  for  Ilimttelf  only;  creation 
and  destruction  are  the  attributes  of  His  oninipotenre.  To  alter  and 
undo,  to  d«velo]>  and  renew — these  are  powers  which  lie  has  handed 
over  to  the  charge  of  nature," 

Dr.  Erastnuit  I>arwin  held  similar  views,  which  he  developed  at  great 
length,  and  in  doing  so  anticipated  many  of  the  arguments  afterwards 
elaborated  by  the  celebrated  Lamarck,  that  changes  in  species  were 
canse^l  both  by  the  direct  action  of  the  environmtnit,  by  the  nse  and 
exercise  by  auimuls  of  tlieir  several  organs,  and  more  es|>ecially  by  the 
eflTects  of  effort  and  desire  leading  to  the  development  of  parts  and 
organs  calculated  to  gratify  those  desires.  The  great  French  natural- 
ists Geoffrey  and  Isidore  St.  Ililaire'  adopted  tlutse  views  with  certain 
modiflciitious,  as  did  a  limited  number  of  German  naturalists;  while 
they  were  |iopularly  set  forth  with  much  knowledge  and  literary  skill 
by  thelat*  Ut>bert  Chambers  in  his  Vestiges  of  Creation.  Somewhat 
later  the  general  theory  of  evolution  was  explained  and  illustrated  by 
Herbert  Spencer  with  so  much  power  and  completeness  as  to  comiiel 
its  acceptance  by  most  thinkerii;  bnt  neither  he,  nor  any  of  the  great 

■From  tbe  Fortnightly  Keview,  February  and  March,  18!)5,  Vol.  LVII,  new  series, 
NOD.  138,  139;  by  periuissUm  oftbe  Leonard  Scolt  Publication  Company,  New  York. 
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writers  who  had  gone  before  liiiii,  hiid  been  able  to  overcome  the  diffi- 
culty of  explaJDJiig  tbe  process  of  orgauic  evolntion,  since  do  one  bad 
been  able  to  sliow  how  the  wonderful  and  complex  adaptations  of  living 
things  to  their  environment  could  have  been  prodiiced  by  meaus  of 
known  law»  and  through  causes  proved  to  exist  and  to  be  of  sufficient 
potency.  Alike  for  naturulists,  for  men  of  science  in  general,  and  for 
students  in  philosophy,  the  method  of  organic  evolution  remained  an 
in  solvable  problem. 

Considering  that  this  state  of  opinion  prevailed  up  to  the  very  date 
of  publication  of  tbe  Origin  of  Species,  tbe  effect  produced  by  that  work 
was  certainly  marvelous.  A  considerable  body  of  tbe  more  thoughtful 
naturalists  at  once  accepted  it  as  affording,  if  not  a  complete  solution, 
yet  a  professional  theory,  founded  upon  iucontroverttble  iacts  of  nature, 
demonstrating  a  true  cause  for  specific  modification,  and  affording  a 
satisfactory  explanation  of  those  countless  phenomena  of  adaptation 
which  every  preccdnig  theory  had  been  powerless  to  explain.  Further 
consideration  and  discussion  only  increased  the  reputation  of  tbe  author 
and  the  influence  of  his  work,  which  was  still  f\irther  enhanced  by  his 
Animals  and  Plants  under  Domestication,  published  nine  years  later; 
and  when  this  bad  been  fully  considered — about  twelve  years  after  th« 
publication  of  the  Origin — a  large  proportion  of  naturalists  in  every 
part  of  the  world,  including  many  of  the  most  eminent,  bad  accepted 
Darwin's  views,  and  a<iknowlodged  that  his  theory  of  natural  selection 
constitutt'd — to  use  his  own  words — "the  main  but  not  the  exclusive 
means  of  modification."  The  effect  of  Darwin's  work  can  only  be  com- 
pared with  that  of  Newton's  Principia.  Both  writers  defined  and 
clearly  demonstrated  a  hitherto  unrecognized  law  of  nature,  and  both 
were  able  to  apply  the  law  te  the  explanation  of  phenomena  and  the 
solntion  of  problems  which  bad  baflled  all  previous  writers. 

Of  late  years,  however,  there  has  arisen  a  reaction  against  Darwin's 
theoryas  affording  a  satisfactory  explanation  of  organic  evolution.  In 
America,  esitecially,  the  theories  of  Lamarck  are  being  resustutated  as 
of  equal  validity  with  natural  selection;  while  in  this  country,  besides 
a  considerable  number  of  Lamarcktans,  some  intlucntial  writers  are 
introducing  the  conception  of  there  being  definite  positions  of  organic 
stability,  quite  independent  of  utility  aud  therefore  of  natural  selection ; 
and  that  those  positions  are  often  reached  by  discontinuous  variation — 
that  is,  by  spurts  or  sudden  leiips  of  considerable  amount,  which  are 
thus  "  competent  to  mold  races  without  any  help  whatever  from  the 
pnicess  of  selection,  whether  natural  or  sexual."'  These  views  have 
been  recently  lulvocated  in  an  important  work  on  variation,'  which 
seems  likely  to  have  much  iuHuence  among  certain  classes  of  natural- 
ists; and  it  is  because  I  believe  such  views  to  be  wholly  erroneous  and 


I  FrnncU  Galtou.     "  Digcoutiniiit.v  iii  evolution,"  Mind,  Vnl.  Ill,  page  367. 
nvilliaui  KaU-soii.  M.  A.     Materials  for  tbe  iitudy  of  Variatinas,  Treat«d  with 
'siiHcial  Begard  to  DiMontinuity  in  the  Ori^n  of  Species,  18N,  pages  XT  and  998. 
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to  oonstitnte  a  backward  step  in  the  stady  of  evolution  tliat  I  take  this 
opportaoity  of  setting  forth  the  reasons  for  my  adverse  opinion  in  a 
manoer  likely  to  attract  the  attention  not  only  of  naturalists  but  of  all 
thinkers  who  are  interested  in  these  problems. 

Before  proceeding  to  tbis  special  discussion  it  may  be  well  to  illustrate 
briefly  tbe  essential  difference  between  the  theories  of  Darwin  and 
those  of  his  predecessors  and  oponents,  by  a  few  examples  of  those 
cases  of  adaptation  which  are  insoluble  by  ail  other  theories,  but  of 
which  natural  selection  gives  an  intelligible  exi>laDation. 

The  Darwinian  theory  is  based  on  certain  facts  of  nature  which, 
thongb  long  known  to  naturalists,  were  not  understood  in  their  rela- 
tions to  each  other  and  to  evolution.  These  facts  are :  Variation,  rapid 
mnltiplication,  and  the  resulting  struggle  for  existence  and  survival 
of  tbe  fittest.  Variation  is  the  fundamental  fact,  and  its  extentr,  its 
diversity,  and  its  importance  are  only  now  becoming  fully  recognized. 
Observation  nbows  that  when  large  numbers  of  individuals  of  common 
species  are  compared  there  is  a  considerable  amount  of  variability  in 
size,  form,  color,  in  number  of  rejwated  parts,  and  other  charact^^rs. 
Further,  that  each  separate  part  whicli  liivs  been  thus  compared 
varies,  so  that  it  may  be  safely  asserted  that  there  is  no  part  or  organ 
that  is  not  subject  to  continual  variation.  Again,  all  tliese  variations 
are  of  considerable  amount — not  miuate,  or  iufinitesimal,  or  even  small, 
as  they  are  constantly  asserted  to  be.  And,  lastly,  the  parts  and 
organs  of  each  individual  vary  greatly  among  themselves,  so  that  each 
separate  character,  though  sometimes  varying  in  correlation  with  other 
characters,  yet  possesses  a  considerable  amount  of  independeut  varia- 
bility. The  amount  of  the  observed  variation  is  ao  great  that  in  fifty 
or  a  hundred  a«lolt  individuals  of  the  same  sex,  collected  at  the  same 
time  and  place,  the  difierence  of  tbe  extreme  from  the  mean  value  of 
an;  organ  or  part  is  usually  from  one-tenth  to  one-fourth,  sometimes 
as  great  as  one-thini,  of  the  mean  value,  with  usually  a  perfect  grada- 
tion of  intervening  values. 

Tbe  multiplication  of  individuals  of  all  species  is  so  great  and  so 
rapid  that  only  a  small  proportion  of  those  born  each  year  can  possibly 
survive;  heuce  the  struggle  for  existence,  tbe  result  of  which  is  that, 
on  the  average,  those  individuals  which  are  in  any  way  ill  fitted  for  the 
conditionsof  existence  die,  while  those  better  fitted  live.  The  struggle 
IS  of  varied  character  and  intensity — either  with  the  forces  of  nature,  as 
cold,  drought,  storms,  floods,  snow,  etc.;  witli  other  creatures,  in  order 
to  escape  being  devoured,  or  to  obtain  food,  whether  for  themselves  or 
for  tbeir  offspring;  or  with  their  own  race  in  the  competition  for  mates 
and  for  the  means  of  existence;  while  as  regards  all  these  forms  of 
straggle  mental  and  social  qualities  are  often  as  important  as  mere 
physical  perfection,  and  sometimes  much  uiore  important.  The  fact 
already  stated,  of  the  large  amount  of  variability  in  most  species,  has 
been  thought  by  some  to  show  either  that  there  can  be  no  such  severe. 
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struggle  as  lias  btteii  suggested,  or  that  the  characters  wbicli  vary  so 
much  call  be  of  little  iitiportauve  to  the  species,  and  cau  not  therefore 
determine  survival.  But  in  making  these  objectious  two  considerations 
liave  beeu  overlooked.  In  the  first  place,  we  always  compare  adults, 
and  an  eiionnoas  amount  of  destruction  has  already  taken  place  diirint; 
tlio  earlier  stages  of  life.  The  mlalts  tberefore  are  already  a  selected 
group.  In  the  second  place,  the  struggle  is  very  largely  intermittent, 
owing  botb  to  the  occnrreuce  only  at  long  intervals  of  the  most  adverse 
metttorological  conditions,  while  the  diversity  of  the»<e  conditions  leads 
in  each  case  to  tb«  selection  of  a  different  cfaaractcristic.  An  excep- 
tionally severe  winter  will  destroy  all  which  are  deficient  in  one  set  of 
characters,  wliile  a  long  drought,  or  sciircity  of  some  particular  kind  of 
food,  will  weed  out  those  deficient  in  another  set  of  characters.  Thus  in 
any  one  year  there  will  exist  numbers  of  individuals  wliieb  are  doomed 
to  speedy  destruction  under  some  one  of  the  special  adverse  conditions 
wliicli  are  constantly  recurring;  and  it  is  this,  probably,  ttiat  explains 
wiiy  there  is  so  much  individual  variation  continually  present,  although 
the  central  or  typical  form  remains  unchanged  for  very  long  periods. 
This  typical  form  is  that  which,  under  existing  conditions,  survives  all 
tbe  i>eriodica1  or  secular  adverse  changes,  during  which  the  outlying  or 
extreme  variations  of  whatever  kind  are  sooner  or  later  eliminated.  It 
is  for  want  of  giving  full  weight  to  the  essentially  intermittent  nature 
of  the  struggle  for  existence  that  so  many  writers  fail  to  grjisp  its  full 
significance  and  continually  set  forth  objections  and  difficulties  which 
have  no  real  importance. 

We  are  now  in  a  position  to  estimate  theefficiencyof  Darwin's  theory 
in  explaining  the  wondrous  and  complex  adaptations  that  abound  in  the 
organic  world,  as  compared  with  that  of  liamarck  or  of  his  modern  sup- 
porters. And  first  let  ns  take  the  simple  case  of  the  adaptation  of 
fleshy  and  .juicy  fruits  to  be  eaten  by  birds,  causing  what  seems  at  lirot 
sight  an  injury  to  the  species,  but  which  is  really  most  lieneficial,  inas- 
much as  it  leads  to  the  wide  dispersal  of  the  seeds,  and  greatly  aids  in 
the  perpetuation  of  the  plants  which  produce  such  fruits.  To  what 
jKissibledirect  action  of  the  environment  ran  we  impute  the  production 
of  tleshy  or  Juicy  pulp,  with  attractive  color  and  with  small,  hard-coated 
seeds,  in  the  innumerable  fruits  which  are  devoured  by  birds,  through 
whosii  bo<lies  the  seeds  puss  in  a  static  fitte<l  for  germination  1  There 
is  here  a  combination  of  characters  calculated  to  a  certain  end,  a  defi- 
nite adaptation.  If  we  suppose  that  in  an  early  stage  of  development 
ancestral  fruits  which  liappened  to  be  a  little  softer  than  others  were 
eaten  by  binis,  bow  could  that  circumstance  increase  the  softness, 
develop  juice,  and  produce  color  in  future  generations  of  the  trees  or 
bushes  that  sprang  from  the  seeds  so  disi>ersedf  And  if  we  assume 
that  these  several  characteristics  are  iwsitions  of  "organic  stability," 
acfpiired  throngh  a<^cideiital  variation,  we  have  to  ask  why  the  several 

uds  of  variation  occurred  together,  or  why  neither  of  them  occurred 
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in  the  uumerous  epevies  iu  which  to  be  euteu  by  birds  would  be  injuriuiLS 
instead  of  beneficial. 

But  if  we  be^iu  at  the  saino  stage  and  apply  the  Darwiuiau  theory, 
we  find  tliattliewholeprocesDiseasy  of  expiauation.  It  is  an  observed 
fa(.-t  that  fruits  vary  iu  eofluess,  jaiciue&s,  and  color,  and  seeds  in  the 
hardness  or  hairiness  of  their  integuments.  Any  variutiou  of  primitive 
fhiits  in  either  of  these  directtous  would  therefore  be  beneficial,  by 
attracting  birds  to  eat  them  and  so  disperse  the  seeds  that  they  might 
reach  suitable  stations  for  development  and  growth.  Such  favora* 
bio  variations  would  therefore  be  preserved  while  the  less  favorable 
perished. 

Now,  ask  the  same  questions  aa  to  the  production  of  the  iunumerable 
modes  of  dispersal  of  seeds  by  the  wind,  from  the  simple  compressed 
form  and  dilated  margins  of  many  small  seeds  to  the  winged  seeds  of 
the  ash  and  maple,  and  the  wonderful  feathery  parachute  of  the  thistle 
and  the  dandelion.  Or  again,  inquire  as  to  the  wonderful  springed 
fruits  which  burst  so  as  to  scatter  the  small  seeds,  as  iu  some  of  the  bal- 
sams; or  yet  again,  as  to  the  sticky  glands  of  the  sundews,  and  the 
small  water  traps  of  the  bladder  wort;  and  a  hundred  other  equally 
strange  adaptations  to  some  purpose  of  use  to  the  si)ecie8,  but  whose 
development  has  no  relation  whatever  to  any  possible  direct  action  of 
the  environment,  though  all  of  them  are  explicable  ns  the  result  of  the 
successive  preser^'atiou  of  such  variations  as  are  known  to  occur,  act- 
ing at  various  intervals,  and  by  means  of  successive  modifications,  dur- 
ing the  whole  period  of  the  development  of  the  group  from  some  remote 
ancestral  form. 

The  modern  advocates  of  Lamarckism  content  themselves  with  such 
simple  cases  as  the  streogthouing  or  enlarging  of  organs  by  use,  the 
hardening  of  the  solo  of  the  foot  by  pressure,  or  the  enlarging  of  the 
stomach  by  the  necessity  for  eating  large  quantities  of  less  nutritious 
food.  These,  and  many  other  similar  mudiflcatiuiis,  may  doubtless  be 
explained  by  the  direct  action  of  conditions,  if  we  admit  that  the  change 
thus  produced  in  the  individual  is  transmitted  to  the  ofl'spriug.  That 
such  changes  are  transmitted  has,  however,  not  yet  been  proved,  and  a 
considerable  body  of  naturalists  reject  such  transmission  as  improbable 
in  itself,  and  at  all  events  as  not  to  bo  assumed  without  full  and  su&i- 
cient  proof.  But  even  if  accepted  it  will  not  help  us  to  explain  the 
very  great  number  of  imi>ortaut  adaptations  which,  like  those  already 
referred  to,  are  quito  unrelated  to  any  direct  action  of  the  euviroumeuL 
Having  thna  cleared  away  some  preliminary  misconceptions,  and  stated 
iu  briefest  outline  the  main  features  of  the  law  of  natural  selection,  we 
may  proceed  to  consider  the  objections  of  those  modem  writers  to  whose 
works  we  have  already  referred. 

Mr.  Bateson's  large  and  important  volume  consists  mainly  of  an 

extensive  collection  of  cases  of  variation  of  a  particular  kind,  which 

have  been  met  with  throughout  the  whole  animal  kingdom,  and  have 
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been  recorded  iu  alt  parts  of  the  world.  Tbese  are  uranged  systematic- 
ally uuder  uearly  iiiue  liuudred  numbered  beadiugs,  and  are  in  many 
oases  well  illustrated  by  characteristic  figures.  The  cbaracter  and  mor- 
phological relatioDS  of  tbese  variations  are  often  very  fully  discussed 
with  great  kuowledge  and  acuteness,  and  some  original  views  are  set 
forth  which  are  of  interest  both  to  morphologists  and  physiologists. 
So  far  as  this  part  of  the  work  is  concerned  the  present  writer  would 
feel  himself  qaite  iacompeteut  to  criticise  it,  bat  would  welcome  it  as 
presenting  in  a  oouvenient  form  a  great  body  of  interesting  and  little- 
known  facts.  But  the  book  goes  far  beyond  this.  The  first  words  of  the 
preface  tell  ua  that  "This  book  is  offered  as  a  contributiou  to  the  stady 
of  the  problem  of  species;"  and  in  a  lengthy  iutroductory  and  shorter 
concluding  chapters  this  problem  is  discussed  iu  some  detail,  with  the 
view  of  discreditiug  the  views  held  by  most  Darwinians;  while  a  new 
theory,  founded  upon  the  facts  given  in  the  body  of  the  work,  is  set 
forth  as  being  a  more  probable  one.  It  is  therefore  necessary  to  ^ve 
some  account  of  the  nature  of  the  facts  themselves,  aa  well  as  of  the 
particular  theories  they  are  held  to  support. 

Darwin  distinguislied  two  classes  of  variations,  which  be  termed 
"individual  differences"  and  "sports."  The  former  are  small  but 
exceedingly  numerous,  the  latter  large  but  comparatively  rare,  and  theae 
last  are  the  "  discoutinuous  variations"  of  Mr.  Bateson  to  which  refer- 
ence has  been  already  made.  Darwin,  while  always  believing  that  indi- 
vidual differences  played  the  most  important  part  in  theorigin  of  species, 
did  not  altogether  exclude  sports  or  discontinuous  variations,  bat  he 
soon  became  convinced  that  tbese  latter  were  quite  unimportant,  and 
that  they  rarely,  if  ever,  served  to  originate  new  species;  and  this  view 
is  held  by  -  most  of  his  followers.  Mr.  Bateson,  however,  seema  to 
believe  that  the  exact  contrary  is  the  &ct,  and  that  sports  or  discon- 
tinuous variations  are  the  all-important,  if  not  the  exclusive,  means  by 
which  the  organic  world  has  been  modified.  Such  a  complete  change 
of  base  as  to  the  method  of  organic  evolution  deserves,  therefore,  to  be 
considered  iu  some  detail. 

The  difSculty  which  seems  to  have  struck  Mr.  Bateson  roost,  and 
which  he  declares  to  be  of  "immense  significance,"  is  that  while  spe- 
cific forms  of  life  form  a  discontinuous  series,  tbe  diverse  environments 
on  which  these  primarily  depend  shade  into  each  other  insensibly,  and 
form  a  continuous  series  {p.  5).  Further  ou  this  objection  is  again 
urged  in  stronger  language:  "We  have  seen  that  the  difiiereoces 
between  species  are  specific,  and  are  diiferences  of  kind,  forming  a 
discontiuuons  series,  while  the  diversities  of  environment  to  which  they 
are  subject  are  ou  the  whole  differences  of  degree,  and  form  a  continu- 
ous series ;  it  is  therefore  hard  to  see  how  the  environmental  differences 
can  thus  be  in  any  sense  tbe  directing  cause  of  specific  ilifferences, 
which  by  tbe  theory  of  natural  selection  they  should  be"  (p.  IG). 
Again,  at  page  69,  he  urges*  that  the  essential  character  of  species  is 
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that  they  constitute  a  discontiDuoua  series,  and  he  asks  "Is  tt  not 
tlieu  possible  tliat  the  discoutiimity  of  species  may  be  a  consequence 
and  expression  ol'  the  discontinuity  of  variationl"  He  then  states 
that  on  the  received  hypotliesis,  "Variation  is  continuous,  and  tlie  dis- 
continuity of  species  results  from  the  operation  of  selection."  This, 
ho'trever,  is  not  qnit«  a  correct  statement  of  the  received  hypothesis  if 
"discontinuous"  is  used  in  Mr.  Batcson's  sense,  as  including  every 
change  of  color  which  is  not  by  minute  gradation,  and  every  change  in 
number  of  repetitive  parts — an  of  vertebrfc,  or  of  the  joints  of  an  antenna, 
or  the  rings  of  a  worm — which  is  not  by  a  gradation  of  the  part  from 
a  minute  nidiment.  Such  changes  of  color  or  iu  the  number  of  parts 
are  admitted  by  all  Darwinians  as,  iu  many  cases,  constituting  apart 
of  that  individual  variation  on  which  modification  of  species  depends. 
It  is,  however,  on  the  supposed  rejection  of  this  class  of  variations  by 
Darwinians  that  he  bases  what  he  terms  "  an  almost  fatal  objection" 
to  their  theory. 

Beturning,  however,  to  the  supposed  overwhelming  importance  of 
discontinuous  variation,  we  pass  on  to  the  last  chapter  of  the  book, 
headed  "  Couchiding  reflections,"  and  we  read:  "The  first  object  of  this 
work  is  not  to  set  forth  iu  the  present  a  doctrine,  or  to  advertise  a  solu- 
tion of  the  problem  of  species,"  and  then  follows  immediately  a  further 
discussion  of  this  very  theory  of  discontinuity,  which  is  set  forth  as  a 
doctrine,  and  as  a  help  to  the  Bolutioii  of  that  problem.  We  are  told 
that  the  difficulties  of  the  accepted  view  "have  oppressed  all  who  have 
thought  ui>on  these  matters  for  tbemselves,  and  they  have  caused  some 
anxiety  even  to  the  faithful;"  it  is  urged  that  "the  discontinuity  of 
which  species  is  an  expression  has  its  origin  not  in  the  environment, 
nor  in  any  phenomenon  of  adaptation,  but  in  the  intrinsic  nature  of 
organisms  themselves,  manifested  in  the  original  discontinuity  of  varia- 
tion;" that,  "the  existenceof  sudden  and  discontinuous  variation,  that 
is  to  say,  of  new  forms  having  from  their  first  beginning  more  or  less 
of  the  kind  of  perfection  that  we  associate  with  normahty,  is  a  fact  that 
disposes,  once  and  for  all,  of  the  attempt  to  interpret  all  perfection  and 
definiteness  of  form  as  the  work  of  selection."  And  then  comes  the 
posltivestateraent"  the  existence  of  discontinuity  in  variation  is  there- 
fore a  final  proof  that  the  accepted  hyiwtbesis  is  inadequate"  (p.  568), 
and  after  severnl  more  pages  of  illustration  and  argument,  the  fiiml 
conclusion  is  reached  tliat  "it  is  quite  certain  that  the  distinctness  and 
disGontinnity  of  many  characters  is  in  some  unknown  way  a  part  of 
their  nature,  and  is  not  directly  dependent  upon  natural  selection  at  all." 

Before  going  further  it  will  bo  well  to  make  a  few  observations  on 
these  very  definite  and  positive  conclusions  at  which  Mr.  Bateson  has 
arrived;  and  it  must  be  remembered  that  this  volume  deals  only  with 
one  portion  of  the  subject  even  of  discontinuous  variation,  which  is 
itself,  if  wo  exclude  monstrosities,  ouly  a  small  fragment  of  the  whole 
subject  of  variation.    The  impression  that  will  he  produced  ou  those 
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whole,  may  become  qoite  diacoDtiuuous  ia  relation  to  two  species  dif- 
fering iD  very  slight  cliaracters.  Darwiu  dwelt  nmcli  upon  tbis  phe- 
nomenon of  new  Bpeciea  being  fonued  when  any  l>ody  of  individnals 
seized  upon  vacant  places  in  the  economy  of  nature,  and  by  means  of 
comparatively  slight  variations  became  adapted  to  it.  It  is  what  we 
see  everywhere  in  the  world  aronud  ub. 

It  thns  api>ear8  that  what  is  evidently  supposed  to  be  n  very  power- 
ful argmnent,  leading  to  the  conclusion  that  dis(-x>ntinuous  variations 
as  a  claBS  are  those  which  are  of  vital,  if  not  exclusive,  iui]>ortance  in 
the  production  of  new  species,  entirely  breaks  down  when  confronted 
with  the  facts  of  nature.  It  does  not,  however,  follow  that  because  an 
nneound  a  priori  argument  has  been  used  to  call  attention  to  these  vari- 
ations, and  because  they  have  been  set  before  the  wgrld  in  a  way  to 
suggest  that  their  importance  in  relation  to  the  origin  of  species  is  a 
new  discovery  calculated  to  revolutionize  tlie  study  of  this  bnmch  of 
bifdogy,  they  are  therefore  of  no  value  in  this  connection.  We  will 
therefore  now  proceed  to  oonsider  them  on  their  own  merits  na  ]>os8ible 
foctors  in  the  process  of  organic  evolution.  For  this  puri>ose  we  must 
briefly  indicat«  the  nature  of  the  variations  so  laboriously  recorded  in 
tbis  volume. 

These  consist  of  what  are  termed  meristic  variations;  that  is,  varia- 
tions in  the  number  or  position  of  parts  which  occur  in  series,  whether 
linear,  bilateral,  or  radial.  Such  are  the  variations  in  the  number  of 
segments  of  annulosa  and  arthropoda,  such  as  worms,  leeches,  centi- 
pedes, etc;  in  the  antennie  and  legs  of  insects;  in  the  vertebrae,  ribs, 
teeth,  nipples,  limbs,  and  toes  of  vertebrates;  in  the  rays  of  starfish, 
encrinites,  and  allied  animals.  The  ocelli  and  other  symmetrical  mark- 
ings on  the  wings  of  buttertlies  are  also  recorded,  as  well  as  numerous 
malformations  when  these  afl'ect  serial  or  symmetrical  organs. 

Od  carefully  looking  through  the  cases  of  variation  in  this  volume, 
we  are  struck  with  the  large  projmrtion  of  them  which  exhibit  more  or 
less  deformation  or  want  of  symmetry,  culminating  in  the  various  kinds 
of  monstrosity.  In  Chapter  III,  on  the  variations  of  vertebnc  and  ribs, 
we  find  vertebra?  imperfectly  divided  in  snakes  and  frogs.  Numerous 
cases  of  abnormalities  in  human  vertebra:  are  given,  usually  exhibiting 
asymmetry  or  deformation,  and  similar  variations  are  found  in  the 
anthropoid  apes,  bnt  here  there  is  apparently  more  of  regularity  and 
symmetry.  The  greatest  amount  of  this  kind  of  variation  ocirurs  iit 
the  sloths,  AS  might  be  expected  when  we  consider  that  they  are  the 
most  abnormal  of  mammals  as  regards  tlie  cervical  vertebni'.  In  Chap- 
ter VIII  numerous  cases  of  supernumerary  mammieare  recorded,  almost 
all  of  which  are  ansymmotrical.  The  variations  in  the  number  or  form 
of  the  horns  in  sheep,  goats,  and  deer  recorded  in  Chapter  XI  show 
them  to  be  usually  mord  or  less  irregular. 

Nearly  a  hundred  pages  are  devoted  to  the  digits  (fingers  and  toes) 
of  mammals  and  birds,  about  one  hundred  and  forty  cases  of  variation 
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iKHMt  ■JL.tirvi.  iod.  liut  ax  'ir  i«««k  tkw4  cac&  csb  onlf  be  classed  as 

I3  WKm«tLn:£  liu^aer^  'ue  T:ir-ii:;;uHff  fa  i&e  tmirmnw  and  le^  jtunts 
•ir' 3i.-^t^r+:  Jt '.^it^mLiu  piif'^-if  ^eiiia*  aoii  «Bnnnes:  in  the  medial 
■fCTwriT*^  tif  ±«a-  •jjuv'jk  3MiiI-i:?ci.  «r_  vkkk  beroBe  sometimes 
tiimr.ln:  -3  -j«  'f-^  tati  •minnciio.  ■(  itdakz  in  dsfilieate  or  branch- 
:ns  d^jr»  i[  jii^tfT"^  iati -irMtsciicrttiasz  3  exSra  Uabs  of  battacbia ;  and. 
^*r:7,  i.-n :  m  :o'!ar<<erK  k»  j^  Li:>«nb»ci!  ac  ^nat  lea«rth.  and  are  illns- 
r7a:«i  ■:  7  A  a.ui':<r  -tf  T«y  Litisraaiz^  ww^fieats.  Bat  alaiost  the  whole 
nf  zhtsM  eia  <mlj  '"m  -^Iik^wii  ^  naUxTBMiias  or  moi»trosities  which 
are  ^t'sreij  witi'.cr:  azj  -LrrKZ  b«an&x  00  the  pcobleai  of  the  ■■  origin 

y-x'.ii^Lz  e^a.  btrcer  4;i»w:ii«  siuH  r^ne <>f  the  book  fiomtliis,  whJch 
L*  ZM  :kii-.'zi!ri  ■>'vx.  p*^:;r  •>f  t~>w  ;fua  the  lar^  amoaiit  of  space 
ti«T.fCpd  vr^n^vinf  '^3i>-=^C7i«^r^of  the  kuMls  aad  feet  of  maa  and  of 
si>iiie  •>f  Tt>r  TjT-jr  1.  N'-<  oc^y  cLrwazboai  all  Baaunals. bat  also  io 
iLt:  •r-i.^c-ff  b:r<i?.  T*pr.~.<es.  aa<i  aa:;'h::-ia.  fire  a  the  maiimam  oambe- 
of  the  zoies  'ft  ti:.^rs.  The:^^  kjt  Tary  in  size  cr  in  proportioDS,  tbey 
mar  be  rni^it.-*^!  ia  timber  1>t  emieseen««.  or  by  the  loss  of  the  lateral 
digits:  they  nuy  be  :^tranz^Iy  tuod:fi<fd  id  fotta  and  fiinctioD.  as  in  the 
flapprr*  of  tL»?  whjl-f  or  in  iLie  wins  of  the  bat,  yet  never  once  in  tbe 
Thole  hjiig  series  of  Uud  renebrates  do  they  exceed  five  in  Domber. 
Yet  we  have  six.  sev«-u.  or  eight  6Do:ere<l.  doable-banded,  or  doable- 
fur»ti;di-Iiildrea;  simitar  malformations  in  monkeys;  six  and  seven  toed 
cats:  f»ar.  five,  or  six  loed  \'-gs:  doable  footed  birds,  and  other  mon- 
8tn>!>itieA.d4fScribnlat  great  len^b.andall  their  pecoliarities discussed 
in  the  most  micute  detail  and  from  various  pcnnts  of  \iew,  in  a  work 
presentetl  to  os  as  -a  cuntriltntiou  to  tbe  stndy  of  tbe  problem  of 
species.*'  Many  of  these  malfomiatious  have  been  obser^'ed  amoug 
aounals  in  a  stateof  nature, and. in  fact.Mr.Bateson  believes  tbattbey 
occur  as  frequently  amoug  wild  as  among  domesticated  animals.  Con- 
sidering bov  rarely  tbe  former  cases  can  be  observed,  they  must  be 
everywhere  occnrring;  yet  in  no  single  instance  do  tbey  seem  to  have 
established  themselves  as  a  race  or  local  variety  on  however  small 
a  scale.  Yet  we  know  that  in  the  case  of  tbe  six-toed  cats,  and  prob- 
ably in  other  cases,  they  are  easily  transmissible;  and  we  must  there- 
fore conclude  that  all  these  irregnlarities  and  monstrosities  are  in  a 
high  degi-ce  disadvantageous,  since  when  subject  to  free  comi»etition 
with  tbe  normal  form  in  a  state  of  nature  tbey  never  survive,  even  for 
a  few  generations. 

As  the  volume  wo  are  discussing  is  entirely  devoted  to  variations  in 

the  number  or  position  of  the  serial  parts  of  organisms  in  relation  to 

tbo  origin  of  species,  It  becomes  necessary  to  lay  some  stress  upon  the 

familiar,  but  apparently  overlooked,  foct  that,  among  all  the  higher 
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types  of  life  at  all  events,  tbe  most  stable  of  all  characters,  and  the 
most  pennaQent  during  long  periods  of  evolatioo,  and  throngboat 
changes  which  have  led  to  the  production  of  a  marvcloas  variety  and 
.  abundance  of  specific  forms,  are  these  very  characters  of  the  number 
and  relative  positions  of  serial  organs;  whence  it  follows  that  varia- 
tions of  this  kind  can  only  have  led  to  specific  changes  at  enormously 
long  intervals,  and  that,  as  a  general  rale,  they  can  have  had  nothing 
whatever  to  do  with  the  origin  of  an  overwhelming  majority  of  living 
species. 

First  we  have  the  four  limbs  of  vertebrates,  which,  among  all  the 
marvelous  variety  of  form  and  function,  on  land,  in  the  wat«r,  or  in  the 
air,  is  never  exceeded,  and  appears  to  have  been  fixe<l  at  a  very  early 
stage  of  the  development  of  the  vertebrate  type.  Equally  fixed,  and 
extending  through  a  still  vaster  range  of  modifications  of  specific  forms, 
are  the  six  legs  and  four  wings  of  trne  insects,  which,  as  in  vertebrates, 
may  be  reduced  but  never  increased  in  number.  Still  more  extraordi- 
nary, because  less  obviously  connected  with  the  main  structure  and 
Ainctions  of  the  organism,  is  tbe  limitation  ami  i)ermanence  in  the  num- 
ber of  the  subdivisions  of  limbs  and  other  appendages.  There  is  no 
obvious  reason  why  in  land  vertebrates  the  divisions  of  the  hand  and 
foot  should  never  exceed  five,  yet  not  only  is  this  number  tbe  maxi- 
mnm,  but  it  may  be  considered  the  normal  number  of  which  all  others 
are  reductions,  since  it  still  prevails  largely  in  the  marsupials,  rodents, 
carnivores,  primates,  and  lizards;  and  the  five-toed  land  vertebrates 
(excluding  birds)  are  probably  far  more  numerous  (hao  those  with  a 
lesser  number. 

In  birds  there  are  only  four  toes  as  a  maximum,  and  comparatively 
few  have  a  smaller  number.  But  we  have  here  a  peculiarity  in  tbe  num- 
bers of  the  toe  joints  which  does  not  occur  in  any  other  vertebrates. 
These  form  a  series  in  arithmetical  progressiou,  the  hind  toe  having 
two  and  the  others  three,  four,  and  five  joints  in  regular  order;  and 
this  rule  is  very  nearly  universal,  the  only  exceptions  being  in  some  of 
the  swifts  and  goatsuckers,  whoso  habits  render  the  feet  of  compara- 
tively little  importance,  while  their  general  organization  is  of  a  some- 
what low  type.  - 

Coming  to  insects,  we  again  find  the  legs  consisting  of  a  limited  num- 
ber of  parts,  and,  strangely  enough,  this  number  is  again  Ave — the  coxa, 
trochanter,  femur,  tibia,  and  tarsus.  The  tarsus,  however,  is  subdivided 
into  small  movable  joints,  and  these,  too,  are  five  as  a  maximum,  but  in 
certain  groups  are  reduced  to  four,  three,  or  two.  The  five-jointed  tarsus 
is,  however,  the  most  prevalent,  and  in  the  enormous  onler  of  Coleoptera 
or  beetles,  comprising  at  least  one  hundred  thousand  described  species, 
fully  half  belong  to  families  which  have  the  tarsi  five-jointed.  Eveu  the 
antennse,  although  they  vary  greatly  in  the  number  of  joints,  yet  in 
numerous  large  groups  comprising  many  thousands  of  species,  they 
havetbe  number  of  joints  constant.  Auotberindication  of  the  tendency 
of  serial  parts  to  become  fixed  in  number,  is  the  typical  limitation  of  the 
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cervical  or  neck  vertebrne  of  mamtn&lia  to  seven  joints.  Tbis  nnmber 
is  vonderfully  constant, -being  the  same  in  tbe  long  necks  of  tbe  giraffe 
and  camel  and  tbe  ver;  sbort  necka  of  tbe  bippopotamas,  porpoise,  aad 
mole,  the  only  exceptions  in  the  whole  class  being  some  of  tbe  sloths,  . 
vliich  have  ironi  six  to  ten,  often  varying  in  (he  same  species,  and  the 
manatee,  vhich  baa  six. 

Now,  if  we  consider  the  enormous  extent  of  these  fixed  numerical 
relations  of  important  parts  of  the  organism  in  the  higher  vertebrates 
and  in  insects,  both  as  regards  the  number  of  living  species  affected — 
perhaps  90  per  cent  of  the  whole — and  as  regards  their  range  in  time, 
tbrougbont  the  whole  of  the  Tertiary  and  Secondary,  and  even  a  cod- 
stdorable  portion  of  the  Paleozoic  periods,  and  if  we  take  accouot  of  tbe 
vast  nnmber  of  extinct  species,  genera,  and  families  needful  to  fx>m- 
plete  the  various  lines  of  descent  from  the  earliest  known  forms,  pre- 
senting tbe  same  numerical  relations  to  those  now  living,  we  shall  be 
able  to  form  some  conception,  however  inadequate,  of  the  overwhelming 
frequency  and  importance  of  variations  in  tbe  size,  form,  proportions, 
and  structure  of  the  various  parts  and  organs  of  the  higher  animals, 
as  compared  with  variations  in  their  number.  No  doubt  in  the  earlier 
stages  of  organic  development  numerical  variations  were  more  frequent 
and  more  important,  as  they  are  now  among  the  tower  forms  of  life;  but 
at  a  very  early  period  in  geological  history  the  main  numerical  relations 
of  tbe  essentia]  parts  of  tbe  higher  organisms  became  more  or  less  fixed 
and  stable,  and  have  iu  many  cases  remained  unchanged  throagh  a 
large  proportion  of  the  period  comprised  in  the  geological  record.  The 
four  limbs  of  vertebrates  were  already  established  in  the  fishes  of  tbe 
Devonian  period,  as  were  the  four  wings  and  six  legs  of  true  insects  in 
tlie  cockroaches  and  archaic  orthoptera  of  the  Carboniferous;  aud 
almost  all  subsequent  changes  liave  resulted  fiom  modifications  of  tliese 
early  types.  The  earliest  mammals  of  which  we  have  safficient  knowl- 
edge have  tlie  typical  five-toed  feet,  and  the  earliest  birds  appear  to 
have  batl  the  same  progressive  series  of  toe  joints  as  now  prevails. 

We  are  thns  irresistibly  led  to  the  conclnsion  that,  among  all  the 
possible  forms  of  variation  now  occurring,  those  affecting  tbe  number 
of  important  serial  parts  among  higher  organisms  are  those  which 
have  the  least  possible  relation  to  whatever  modification  of  species 
may  now  be  going  on  around  us,  or  which  has  been  going  on  dur- 
ing a  large  portion  of  geological  time.  Yet  it  is  to  variations  of  this 
nature,  a  targe  proportion  of  which  are  more  malformations  or  mon- 
strosities, that  tbe  bulky  and  learned  volume  we  are  discussing  has 
been  devoted.  Tbe  author  of  tbis  book  puts  forward  these  malfor- 
mations and  irregularities,  mixed  up  with  a  proportion  of  normal 
variations,  under  the  misleading  name  of  "  Discontinnoua  variations," 
as  if  they  were  something  new,  and  bad  been  ignorantly  overlooked 
by  Darwin  and  his  followers;  and  he  loses  no  opportunity  of  telliog 
us  how  important  he  thinks  they  are,  what  difficulties  they  enable  as 
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to  overcome,  and  how  tbey  are  the  befcinniuga  of  the  estAblishinetit  of 
a  sure  base  for  the  attack  od  the  problemB  ofevolution.  Id  bo  doiiig 
lie  ban  entirely  failed  to  grasp  the  essential  features  which  characterize 
at  least  99  i>er  cent  of  existing  fi]>ecies,  which  are,  slight  diflereiices 
IroDi  their  allies  in  size,  form,  proi>ortions,  or  color  of  the  various  part« 
or  organs,  Trith  corresponding  differences  of  function  and  habits,  com- 
bined with  n  wonderful  amount  of  stability  in  the  numerical  relations 
of  serial  parts,  csteoding  sometimes  only  to  genera,  but  more  usnally 
to  families,  tribes,  orders,  or  even  to  whole  classes  of  the  higher  ani- 
mals. It  is  differences  of  the  former  kind  that  do  actually  characterize 
the  great  majority  of  si)ecie8;'  they  affect  those  organs  which  vary 
most  frequently  and  most  consiiicuoasly  in  the  individuals  of  every 
fresh  generation,  and  they  constitute  that  individual  variation  on 
which  Darwin  always  relied  as  the  essential  foundation  of  natural 
selection,  and  which  his  followers  have  shown  to  be  far  more  abundant 
and  of  far  greater  amount  than  he  was  aware  ofj  and,  lastly,  they 
afiford  amply  sutScient  material  for  the  continuous  production  of  new 
forms.  Rarely  in  the  history  of  scientific  progress  has  so  large  a  claim 
been  made,  and  been  presented  to  the  world  with  so  much  confldeoce 
in  its  being  an  epoch-making  discovery,  as  Mr.  llateson's  idea  of  dis- 
continnoQs  variation  corresponding  to  and  explaining  the  discontinuity 
of  species;  yet  more  rarely  has  the  alleged  discovery  been  supported 
by  facta  which,  though  interesting  in  themselves,  are  for  the  most  part 
quite  oatside  the  general  conditions  of  the  complex  problem  to  be 
solved,  and  are  therefore  entirely  worthless  as  an  aid  to  its  solution. 

Before  leaving  this  part  of  the  subject  we  may  note  the  extension  of 
definite  numerical  relations  to  plants  as  well  as  to  animals.  In  dico- 
tyledons we  have  »  typical  flve-iietaled  flower,  or  a  corolla  with  five 
divisions,  a  character  which  prevails  in  irregular  as  well  as  in  regular 
flowers,  and  often  when  the  stamens  are  not  a  multiple  of  ttve,  as  in 
mallows,  bignooias,  and  many  others.  Some  form  of  fie  parted  flower 
prevails  throughout  many  extensive  natural  orders,  and  comprises  ]>rob- 
ably  a  considerable  minority  of  all  dicotyledoiions  plants.  A  three  or 
Bix  parted  flower  is  almost  equally  a  characteristic  of  monocotyledons, 
prevailing  even  among  the  highly  Bpecialized  and  fantastically  formed 
Orchidese  and  Irideo;,  thus  again  demonstrating  how  large  a  i>ortion  of 
the  specific  modifications  of  organisms  are  independent  of  variations 
j:i  number,  but  depend  wholly  ui>on  variations  in  the  size,  form,  color, 
and  structare  of  the  various  parts  and  organs. 

Other  matters  of  imx>ortance  in  Mr.  Bateson's  work,  together  with 
aonie  theories  recently  advanced  by  Mr.  Francis  Galton,  will  be  dis- 
cnssed  in  the  concluding  portion  of  this  article. 

lUr.BatesoD,  however,  maltM  the  extTaonlinai7  atatemeDt  tbat  "it  Ueapedftlly 
liy  differoDCM  of  number  and  1>7  qunUtatiTo  dilTereucea  thut  spftcles  are  comuionljr 
dlitingitialiMl"  (p.GT3).  Species Diakera  know  too  well  that,  among  the  higher 
auiuiala  at  all  event*,  It  la  not  no. 
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Id  the  first  part  of  this  article  tlie  misconceptiou  whivh  nuderlies  the 
main  body  of  Mr.  Bateson's  work  has  been  discussed  iu  some  detail. 
We  will  now  deal  with  some  of  the  minor  objectious  to  the  views  of 
most  l>arwiuians,  whii-h  are  to  be  found  in  his  lengthy  iotrodactiun; 
after  whii-h  the  raliditj'  of  Mr.  Francis  Galton's  doctriDe,  as  to  posi- 
tions of  orgatiif  stability  (also  held  by  Mr.  Bateson),  will  be  considered. 
And  first,  we  note  that  he  nses  the  nsnal  misleading  terms  "niiaate,^ 
"minimal,"  " imiterceptible,"  and  "insensible"  (p.  15)  as  applied  to  the 
individual  variations  on  which  Darwin  relied,  althongh  be  has  himself 
given  fljnuvs  of  beetles  and  earwigs  showing  that  snch  variatioua  are 
enormous — greater,  indeed,  than  iu  the  illnstrative  cases  I  have  g'iveo 
iu  my  Darwinism.' 

A  strong  attuok  is  made  on'  the  theory  of  the  utility  of  specific 
chanw-ters.  It  is  admitte<l  that  an  enormous  amount  of  evidence  has 
been  e«klle«-ted.  and  that  -the  functions  of  many  problematical  organs 
have  iK-en  foujwture<l,  iu  some  case^  perhaps  rightly;"  yet  be  adds, 
'■whole  gmui>s  of  eomutou  phetiomena  are  still  almost  untouched  even 
by  coiget-ture."  He  tells  us  that  *'  many  snggestioua  have  been  made 
as  to  the  benefits  which  edible  uiotlis  may  derive  £rom  their  protective 
otkloraliuu,  and  as  to  the  reasons  why  unpalatable  butterflies  in  gen- 
eral ai-«  brightly  i-oiored"tp.  11);  but  neither  here  nor  elsewhere  is  any 
hiut  given  that  mure  than  "suggestions''  have  been  adv:inced.  Consid- 
ering that  this  is  the  one  branch  of  the  subject  in  which  natural  selec- 
tion has  been  shown  to  be  an  actual  working  reality  in  nature  by  the 
experiments  of  Jenuer  Weir,  Itutler,  Staintou,  and  Belt,  the  observa- 
tions of  Hates  aud  I'Mt/-  Miiller,and  especially  by  the  elaborate  investi- 
gations uf  .I'rofessitr  roulton.  it  was  hardly  fair  to  pass  the  subject  by 
as  if  nothing  had  been  done  but  pure  conjecture.  Qe  also  ignores  the 
continuoHs  advauco  that  is  being  miule  in  determining  the  utihties  of 
the  innumerable  modidcations  in  the  forms  aud  arrangemeut  of  tbe 
leaves  anil  other  of  the  nontloral  appendages  of  plants  by  Kerner 
Lubbock,  and  nmny  other  observers;  as  well  aa  the  light  throwu  oq 
color  and  marking  as  siK-ciHc  characters  in  the  higher  animals  by  tbe 
consideration  of  the  value  of  distinctiveness  for  purposes  of  recogni- 
tion, a  character  of  life-preserving  value  in  the  case  of  many  animals, 
and  in  all  of  great  imiwrtance  to  reproductiou,  and  an  essential  factor 
in  theditTcrentiatioii  of  spci'ies.  It  is,  therefore,  not  correct  to  say,  "But 
as  to  the  particular  benctit  which  one  dull  moth  enjoys  astheresalt 
of  his  own  pnrticnlar  iiattt-rn  of  dullness  as  compared  with  the  closely 
similar  pattern  of  the  next  si^ciea,  no  suggestion  is  made."  The  Bug- 
gestion  has  been  made  {Darwinism,  p,  226),  and  has  been  accepted  as 
at  all  events  a  good  working  hypothesis  by  many  naturalists.  On  this 
question  of  the  utility  of  characters  which  are  constant  characteristics 

^'So6  ProceeaingB  of  the  Zoological  Society,  1892  (pp.  59-23)  [592-8!],  in  &  paper  by 
'wii  and  H.  H.  BrinOloy.  ,  -  , 
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of  the  Species,  but  wliose  utility  is  not  apparent  to  tLe  casual  observer, 
Mr.  Bateaoik  nseti  very  strong  language.  Referring  to  the  case  of  two 
ladybirds,  the  mnall  Cocdnella  decempunctnta  being  exceedingly  vari- 
able, both  iu  color  and  spotting,  the  larger  C.  septempunctata,  very 
constant,  he  says,  "To  be  asked  to  believe  that  the  color  of  C.  septem- 
punctata is  constant  because  it  matters  to  the  species,  and  that  the 
color  of  C.  decetnpvnctata  is  variable  because  it  does  nut  matter,  is  to  be 
nHked  to  abrogate  reason"  (p.  liT^).  I  fear  that  I  myself  must  be  in  this 
Had  case,  for  though  I  have  not  been  asked  to  believe  this  unreasonable 
tiling,  yet  I  do  believe  it.  Of  course  I  may  be  wrong  and  Mr.  Batesou 
right,  but  how  is  it  that  he  is  so  absolutely  sure  that  be  is  right! 

Before  proceeding  farther  we  may  briefly  notice  that  Mr.  Bateson 
seems  to  imply  that  the  "roeristic,"  or  numerical  variations,  to  which 
be  has  devoted  his  volume,  arc  altogether  ignored  by  Darwinians  in 
their  adoption  of  "individual  variations"  as  opposed  to  "sports"  for 
the  main  materials  on  which  natural  selection  works.  But  this  is  alto- 
gether erroneous.  No  doubt  they  would  reject  nine-tenths  of  Mr,  Bate- 
Bou's  cases  as  being  simply  monstrosities,  which  neither  have  nor  could 
ever  have  had  any  part  in  the  production  of  new  species;  but  they 
always  recognize  that  genera,  and  even  species  are  sometimes  character- 
ized by  a  diS'erence  in  the  number  or  arrangement  of  serial  partR — as 
of  vertebne,  ribs,  teeth,  or  markings,  and  that  therefore  variations  of 
this  kind  are  sometimes,  thongh  comparatively  very  rarely,  the  material 
on  which  natural  selection  works.  As  development  seems  almost  always 
to  have  proceeded  by  reduction  Irom  large  and  iiidefluite  numbers  of 
serial  parts  to  the  minimum  number  compiUiblo  with  the  maximum  of 
utility,  ail  increase  iu  number  occurring  now  may  be,  as  is  usually  con- 
sidered, a  form  of  roversiou,  though  Mr.  Bateson  denies  that  there  is 
any  such  thing  iu  nature.  This  diminution  iu  number  may  have  occurred 
either  by  a  gradual  diminution  iu  size  and  ultimate  disapi>earauce,  as 
when  limbs  of  the  higher  animals  have  been  lost,  in  whales,  the  apteryx, 
snakes,  etc.;  or  it  may  sometimes  have  been  abrupt,  which  means  that 
the  rudiment  of  the  part  ceased  to  develop  at  an  early  embryonic  stage. 
Either  mode  is  quite  in  harmony  with  the  views  of  Darwinians,  and  not 
very  much  seems  to  be  gained  by  terming  the  former  "contiuuoas"  and 
the  latter  "discontinuous,"  especially  when  tliis  last  term  is  held  to 
include  almost  every  kind  of  monstrosity. 

We  have  now  to  consider  an  e<iuully  important,  though  as  I  consider 
an  equally  unsubstantial,  novelty — the  view  that  there  are  "definite 
positions  of  organic  stability,"  which  ulone  are  sutlicieut  to  mold  races 
"without  any  help  whatever"  from  natural  selection.  This  view  appears 
to  have  originated  with  Mr.  Francis  Galton,  and  was  flrst  stated  In  his 
work  OD  Xatnral  Inheritance,  and  again  in  his  lioyal  Society  paper  on 
"  Thumb  and  finger  marks."  The  same  view  is  adopted  by  Mr.  Bateson; 
and  in  an  article  on  "Discontinuity  in  evolution"  iu  Mind  (Vol.  Ill, 
pp.  362, 372)  Mr.  Qalton  approves  of  Mr.  Bateson's  work,  and  restates 
Ids  latest  views  ou  the  subject,  and  these  I  now  propose  to  consider. 


J*,  tf  -"'i:  amrtMt  iira*  i«ii'w  tbi-  rata*  «f  fqwt^^  ;m  Iuo-'ob  he 

.S;«>.i_ :  f  -y  di-y!iii-zum.inf  tc.  w  1m-  losu  ik  nwuLbMH  ^vnxdoK,  W 
Hivi.:  -A  ita;.  iiu.  u»teL  jjOimM'  nru.  a  i»wr  j«i«raiii:  4tf  tSa&Khir.  I  am 
u.i.L.lt  ■'.■  f>a^«5i*-iiM-  jKifrt-iC-TT  nTertOircifsacT-  pracnas  u«»pt  by 

•-*- . «  T  :it.  i  /  :--t.i;  v  T»-ins**  li»(iv«ipd  ?<.waj^  liK-  iT^^cal  c^icT.  awl 
■;,:.*  uii  *;.<«■  ■bLkj.  Lh*- i#tKiL  maof  v<Riid  W  M«;«niy  asd  cvold  not  b« 
r.*:.:^ ■-*<■"  L  r_  j,.  ■»(%.  Mi.  )ik}7.(ai  lu»  iNtfEffK- iapiU^Ur  aduttetl 
T  .ki  :;r»-;*  :i.  sof-i  «  iiii^  »*  ainmrjj  weiwitKOi- Trt  ia  iLis  |minigfi  be 
Wit.  i;v  *•■  z?  ;i  Lfc-:  SMI  *xjr:«i/ic,  iud  liua  pt^ei«9Bfa  lo  Medioaitf 
■•  r^i  <«-ar  ,  =<i  I-*  tikii*-  -m-.-h  a  itf  writflii  ii.  Foe  the  «erace  of 
i.k-:^'-*;«r>ifj.:.  >;ijii:i].Pt*aTff  «id  lliu  iitcreaatis  &mraU«  vana- 
i.(r_*  '.'T  c^-T:\n  -s  iV-  n^iar.cTil.i*-;  bnl  liii*  aaitfnwnt  by  no  ateaas 
*i;«t!«,-^  :•-*  rv.J  ;.-w«  <f  stfit^-.k'U.  wtitli  mar  br  htttrr  Ulastntcd 
tj  *«;.:-?  tlil  ;t  o^irx.Tt.  aV.uT  «•  |«  omjI  of  tfa«  bad  and  less  bene- 
t'-jJ  Tji.--*:;--i§  Az-ii  j.re-«3-rtit  a">«u  tii«  1  p«r  »«)t  of  tbfwe  vhicli  are 
«'i;i»-=.*-.'v  t.T'^rj-.>.  W.-ii,  Rjfi  an  amooai  of  seltvtioa  bov  can Oiere 
I*  ar. V  l-r^-.■:  >  -  lti^^^-iML  liiKtvan]  tuvaid  ifar  lypkal  center"  vben 
a-y  tlitr-f:  :a  i!.*-  cr.viroLiueui  drtnaiMls  aa  advance  in  some  special 
ti.r«r;ivii  iMrjrtfLil  it  ii$  the  oalr  bm4os  of  preserriDi;  tbe  race  from 
*.\!:t(-t:>>LT  WrJl  ,j:J  l»ar«ri&  *aj-  iliat  nnkss  ibe  ouTersal  stmeele 
r-re\:-tci«*"!K'iLt.r<.::^hljr  i:;?Taitn-d  in  tbe  mind,  tfac  vbole  economy 
iif  na!a;e.  w;:b  ev^-rj"  fa'.-i  on  di>trj!>at)a>ii.  raritr,  abandaoee,  extinc- 
IKjii.  ami  vanjiioa  t:11  t>e<t:iuly  ^v-eo  orqaitenisDnderstood.''  Almost 
;il]  iJje  Uii-^vii'trplU'tiB  ••{  foi'iitar  writers  against  Danrinism  arise  from 
tlie  wa:it  or  tbis  ooiisuuily  present  recollertion :  and  as  capable  and 
ill)^t^uc-tKl  \rtiicrs.  sncb  as  Mr.  Gallon  and  Hr.  Bateson,  as  well  as 
i-:tl>:iljli'.  hilt  iiuiiistrurK^l  writtrs,  sncli  as  Lord  SalUbniy,  alike  Buffer 
iu  tliiit  n-iiM:^-!.  it  is  needful  to  a^o  i^tale  obvioDs  facts  which  uiay 
femti  ta  tlrive  limue  tbe  overwbeloiiug  importanee  of  this  foetor  in 
evolution. 

Let  u^  6Q|t|M>se  un  animal  wLii-b  lives  ten  years  and  produces  10  yoang 
('»  puim^fAih  year,  a  uimlemte  allowance  even  for  many  mammals  and 
binls.  A  little  siuiple  aritlimetJc  will  show  that  if  none  died  for  five 
years  there  would  be  G.iSO  pairs  iu  place  of  tbe  1  pair,  or  6,480,000.000 
in  place  of  1.<HN>,000,  as  tbe  ca-se  might  be.  Bat  it  is  evident  that 
such  au  uveni^.'e  rate  of  increase  for  all  animals  conlil  not  go  on  for  even 
one  or  two  years,  as  no  country  could  supply  them  with  food.  We  will 
suppose,  then,  that  only  1  i>Hir,  instea«l  of  5, 8nr\ive  each  year  to  breed 
the  next  year;  but  if  this  goes  on  for  the  ten  years  of  the  life  of  tbe 
first  itair  we  shall  still  have  512  pairs  instead  of  each  pair,  a  namber 
which  is  equally  impossible.  Let  us,  then,  suppose  that  ouly  one-flftieth 
part  of  those  bom  survive,  that  is,  that  only  1  individual  lives  to 
1' — ''  ""'*  of  5  sDooeesive  broods  of  10  eacb;  even  then,  at  the  end 
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of  ten  years,  we  shall  have  a  popniation  two  and  a  half  times  as  great 
as  at  first,  or,  more  exactly,  if  we  began  with  1,000,000  individaals,  tben 
in  ten  years  we  should  have  2,593,743.  This  is  probably  something  like 
^hat  happens.  Forty-nioe  fiftieths  of  those  bom  never  live  to  breed, 
yet  the  pvpalation  increases  steadily  so  long  as  conditions  are  moder- 
ately favorable,  the  surplus  being  got  rid  of  at  uncertain  intervals  by 
recurrent  unfavorable  conditions,  so  as  to  keep  the  number  of  individ- 
uals on  tbe  average  about  stationary.  Lookiug  at  it  in  another  way, 
we  find  that,  beginning  with  100  individuals  whose  offsprings  each  year 
amount  to  500,  of  which  only  10  survive  to  breed,  then  during  teu  years 
about  8,000  will  have  been  born,  making,  with  the  original  hundred, 
8,100,  out  of  which  only  the  100  fittest,  or  nearly  tbe  fittest,  will 
survive,  to  be  again  weeded  out  every  successive  ten  years,  or  there- 
abouts. Without  mafeing  some  numerical  estimate  of  tht»  kind  it  is 
impossible  to  realize  the  severity  of  the  struggle  continually  going  on 
in  nature  and  the  resultant  elimination  of  the  anfit.  With  the  above 
figures  (which  would  have  to  be  enormo&sly  greater  with  many  species) 
we  see  that  for  every  80  born  only  1,  on  the  average,  sarvives  to 
breed.  With  sacb  an  amount  of  selection  it  is  evident  that  whenever 
it  happened  that  the  meim  point,  or  "  typical  center"'  of  the  curve  of 
variation,  ceased  to  be  the  most  advantageous  point  in  relation  to  the 
whole  conditions  of  existence,  then  a  new  typical  center  would  rapidly 
be  produced  by  the  elimination  of  all  which  diverged  from  it  to  any 
injurious  extent.  There  could  not  possibly  be  regression  from  tbe  new 
typical  center  unless  the  inevitable  survival  of  tbe  fittest  in  a  rapidly 
.increasing  i>opulation  can  be  gotten  rid  of. 

We  are  now  in  a  position  to  discuss  Mr.  Galton's  theory,  that  there 
are  certain  variations  which  possess  "oi^nic  stability,"  and  that  these 
are  the  real  factors  of  evolution  *<  without  any  help  whatever  from  the 
process  of  selection,"  And  first,  what  is  the  exact  character  of  these 
stable  variations  which  form  races  and  ultimately  new  species  by  their 
own  inherent  force  of  stability!  Is  tbe  stability  in  relation  to  the 
actual  conditions  of  the  environment  or  altogether  independent  of 
those  conditionsl  If  the  former,  how  did  it  come  to  be  in  harmony 
with  tbemT  If  this  harmonious  relation  depends  npon  u  mere  chance 
coincidence,  we  have  to  consider  the  comparative  rarity  of  these  large  . 
or  discontinuous  variations,  and  that  only  a  small  proi>ortion  of  them 
have  the  alleged  character  of  "  stability."  Moreover,  this  class  of  vari- 
ations is  generally  a  variation  in  a  single  part  or  ot^an,  and  Herbert 
Spencer  (as  well  as  many  other  writers)  has  argued  forcibly  that  modi- 
fications of  single  characters  would  in  all  cases  be  useless  unless 
accompanied  by  the  correlative  modifications  of  a  number  of  other 
characters.  I  have  myself  shown  that  in  the  case  of  individual  varia- 
tions this  is  no  difficulty,  becanse  all  characters  are  varying  more  or 
less  in  every  generation,-  and  thus  the  needful  harmouiouH  relation 
between  the  difTcreut  organs  or  ])art8  can  be  easily  maintained;  bnt  in 
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'"""'*      "     L   '        -'^■^        1^  B  -t»   MtW  a«    C  3*  .tTfcot;  |„ 
•»^  -   Oi     "L^:-    Ti-   IS-  -c-*-^  .-TT-   .-.^--  ^M  T-sC  rf  -j«    ipwi».  rtitk. 

■.':i.-         -.-iir.    .-  r-u.v    J  -!_-  : -T-si-r'- ■*>TK».  7m«^tt»  .„•  rtiiaiisaOBB. 
*  -    '  -  --^^^  '  '  *'-'-    '•-'  f-"~r"ii:rt^!t     i  -a«  -fBuitiicr  miaritju m 

1  :-.  -i*^     ^-.'-    ^.T---.--    »— 1     u--.^,n-^   T,    -Hm   tuIh^   3tt«L-7lf   CStML 

.11-1  .,r--  ^-  -~  T  r:  ^--..  '.iu.  -ru  f  ■m^t^zi.'-L  n  ran  -mmw  way,  Bm 
I — *•■  *  — ■:■■  t-i-rrz^rr- • — ■■:jt-»f  uJi-j-t  -ruuhi  TicracaKii*.  »rT  np- 
)"•— I  II  !,,■-■•  -..-M-  i;::.i  .i  nutf-^r  *tauiiir'  ni&pmif ••n c  •*(  the 
.•n'-r-iiimt-ar,  rirn.  ^a.- 1:—  i"i-»-::Maitunis  Titjy  wjinlif  owruUj 
*ti(in  tire-;!!!!.)  tinit-r  "lie  t— -;;»!•  ".imuiEatc  >i<VMr  y-Ukil  7«Kr  &t  ivar 
.i"A  •-■*  in,-  i,i..nr  :  >K-  — ir  ir  "Ui*  m»<  Ir  "n  «iirr:-ni..  Tb^n-  i*  mS}j 
lift  -«!:n)»'  T""'!  "i-.»  Llr-oumi  i'  j^-iiriwr -TcaniT  &  lowa^ ::ii«  1  or  - 
^jiT  "Kiir  *f  -.If*  ini~r  ir.  -jr^  r  Mif*  wr  3h«l  tha-  favir  sm^iaarv 
',  i!i.  ■;  u'  •  irriiLi-  •ra.;i::r-  '  a  irutr  *i  iairf_Tf;  -'  •:  at  »yf  mbm)' 
^.\  ,*  Jiiiu.;    if't-  ir  -jtt  Miii^  i': — rauc  a.  ic  tut  Wis  ^ip<»*i  to  the 

TV  --"11  -  T-ri-i-i-  tr^>::~r'  111*  Tf^yiu  hwuzlt  «3»f«  i^tof 
^  ».*-.■.•■.'■  I'll*  ii;.i;r^~iii  >  lisaiTTr^njwn-  «^  t«<ok  iiaii  ^Kzcaiiwd  by 
r-*'vi-  w  .<f  ^1 1]_  r  -kTt  i.";«;"i-:  i^tTnww  -ic  <pnrw»  Vrc^pvudacvd 
**«(•'. 'ivl  k^T  i":':   ▼i.i-Tie~'^  fr-(tt  iikiar*^  jwudcssi'tt"  e»a.  BBder  the 

«;«;•,  a'.'J  ;'■  r.-.'*-  ;t*?TVT  i.i7i»-.:_T  wrii  iht  ccTirvcBfat  tku  ku 
)»-<»  "/  '-i»  ?»■>-;..:::■-:  aSi-et  ": t  r-ijir*;  arinrtfvc  ilas  keeping  tltesc 
ui'h1iI<"1  '.ri-aj.;*Ti,*i,»-s.-i'-ii!*-*.:  '^  ii*r*a.  IWy  ui j  tliu  be  said 
tn  !«•  i'l'I'  ["■ij'I'-til  "f  *arvjr  J  Af  ifce  £ne<c  beoiijv  ifcey  an]  their 
(inaffii^  al";i>«  are  U/fr  hki*-!  £[.  a^  tb«n-(ore  alvajs  SBrrfre !  Od 
I  Ma  f  )«"">'  fV'>l II I ;'>»  ^o*^  on  br  ibt- prodarCMi  oT  new  races  complete 
Mini  n-inty  fiiitnftl.  iiiiil  in  fx-rft-cl  lanoonrTith  theraTiroament  rfaeo- 
t'lci  llinf  fdvirortmcnt  nmlerfToefaobanjie.  But  noeTideDoeisolENvd 
III)  ain-tt  Hit  I'xlrnnrrliiiary  dcveJopment*!  power  b^ng  alwa^  at  wort 
ihiiIiiMhiv"  alili'Ut  )irrMliir«  adaptation  to  ao  erer-changing ennnm- 
iiii'hI.  Hiii-Ii  fi  fHiveiT  woflld  be  banllj  different  from  the  old  special 
•  H'<illiiii,  »i'  lliiiii  tli<-  preordained  hannooyof  tfae  philosophers;  and  it 

■■*   H'livpr,  liiivfl  rcndcied  nanecessaiy  and  nnint«lligible  that 

|ilfc'[ili(iii   anil  MUHcqaeat  enormous  expenditure  of  life 
iti'viilh.     It  wmld  eifually  render  o 
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derfnl  property  of  individual  variability,  wliose  only  use  would  then  be 
to  enable  man  to  improve  his  domestic  animals  and  cultivated  plants. 
"We  shuuld  thns  have  two  rival  systems  at  work,  and  we  might  almost 
imagine  Mr.  Sallivan's  cosmic  spirits — William  and  James — to  be  reali- 
ties, and  that  each  had  been  experimenting  in  organic  development  on 
onr  earth  in  order  to  see  whose  scheme  was  t)ie  most  satisfactory.' 

As  evidence  of  the  actual  esistenceof  this  hypothetical  "organic 
Btability,**  Mr.  tialton  adduces  the  patterns  in  thumb  and  finger 
marks,  which  he  has  so  carefully  studied.  In  his  Boyal  Society 
paper  on  this  subject  he  tells  us  that  these  marks  fall  into  definite 
groups  and  can  be  systematically  classified,  and  he  actually  describes 
and  figures  twenty-flve  distiuctive  patterns  arranged  under  three 
very  distinct  classes.  He  then  urges  that  these  fundamentally  dis- 
tinct classes  are  strikingly  analogous  to  genera  in  biology,  and  as 
the  patterns  are  so  insignificant  in  every  way  that  they  can  in  them- 
selves be  neither  useful  nor  ornamental,  and  can  therefore  never  have 
been  the  snbjects  of  selection,  they  prove,  he  thinks,  "that  natural 
selection  has  no  monojMly  of  influence  in  forming  genera,  but  that  it 
could  be  wholly  dispeosed  with,  the  internal  conditions  acting  by  them- 
selves being  amply  sufficient  to  form  them."  And  itis  from  thecase  of 
these  finger  marks  that  lie  considers  the  reality  of  positions  of  organic 
stability  has  been  proved,  and  that  they  are  "competent  to  mold  races 
without  any  help  whatever  irom  the  process  of  selection." 

At  first  sight  this  may  appear  to  be  sound  reasoning,  and  to  be  fatal 
to  some  of  the  claims  of  the  Darwinians,  hut  further  examination  will 
show  that  it  is  a  pure  fallacy  arising  from  the  vague  use  of  terms,  and 
from  comparing  quite  difi'erent  things  as  if  they  were  of  the  same  nature. 
The  fallacy  depends  on  applying  the  terms  of  classification  in  system- 
atic biology  to  groups  of  single  objects  which  have  no  real  relation  with 
the  genera  and  species  of  the  naturalist.  The  essential  character  of  a 
species  in  biology  is  that  it  is  a  group  of  living  organisms,  separated 
firom  all  other  sucii  groups  by  a  set  of  distinctive  characters,  having 
relations  to  the  environment  not  identical  with  those  of  any  other  group 
of  organisms,  and  having  the  [tower  of  continuously  reproducing  its 
lika  Genera  are  merely  assemblages  of  a  number  of  these  species 
which  have  a  closer  resemblance  to  each  other  in  certain  important  and 
often  prominent  characters  than  they  have  to  any  other  species.  It 
will  be  more  intelligible  and  more  instructive  if  we  confine  ourselves  to 
species  as  the  unit  of  comparison  with  Mr.  Gallon's  groups  of  stable 
finger  patterns,  in  order  to  show  the  fundamental  differences  between 
them.  And  first  we  see  that  Mr.  Galton  classifies  the  marks  them- 
selves, not  the  individuals  who  possess  the  marks.  He  tells  us  that  the 
very  same  general  varieties  in  these  marks  are  found  in  English,  Hin- 
doos, and  negroes,  and,  presumably  in  all  other  races;  and,  further, 
that  ho  has  "  failed  to  observe  any  correlation  between  the  patterns  and 

<  See  Stronil  Magazine,  Vol.  IV. 
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•■r  hdzIf  pcnaoal  •gnalitT-.  vhcCher  Bental  or  physical.^  All  this  id 
cnnrvIyiiidcnMik  &*!«  MtWr  specific  or  generic  characters,  wbose  esseD- 
lul  fektme  is  tii^  iImt  are  AmmI  is  eT«i7  Donnal  iodivtdaal  or  Un 
9»:i:5  or  4p«ci«i.  aiMl  ur  alvays  (uieUted  vith  other  characters.  In 
ki;:!^  iiri4  [KH>«r  va  this  $Bb>«ct  id  l^SOi.  Hr.  GsIttKi  said  he  had  reasoo 
to  bel:«Tv  thjl  tb«  [utims  are  to  Boie  extent  hereditary,  bat  that  be 
had  tin»Ti>l«iK«of  It:  vhile  in  his  paper  oa  "Mind,'' foar  years  later,  he 
cwuM  ^i:i  ODlr  say  thM  -ibey  are  to  be  looked  apon"  as  having  "a 
:sl:gti(  tetxlency  t»«anl  transmissioa  by  iDberilance.'*  Bnt  the  very 
esatmx  o(  specinc  and  generic  characters  is  that  they  are  strictly 
truLsmitted  by  iDhfntaDee.  TeC  again,  whatever  difference  of  opiniOD 
tbwv  may  be  as  to  the  utility  of  all  the  characters  which  distingnish 
spei-i«s,  ewryooe  will  admit  that  many  arc  oaefnl,  and  especially  that 
the  general  as^embla^  of  characters  that  fit  each  species  for  a  some- 
what different  iiM»le  of  life  from  its  oeaieet  allies,  mnst  certaiuly  be 
o^^eAiL  But  the  xery  essence  of  Mr.  Galton's  argoment  as  to  these 
finger  prints  is  that  they  are  not  and  can  not  be  iu  any  way  directly 
u:$efiii.  How.  ihcQ.  c»n  the  manner  in  which  these  patterns  may  be 
gn>a|)ed  furnish  us  with  any  argnment  whatever  as  regards  sacb  totally 
diverse  things  as  generic  or  specific  characters,  and  still  less  as  regards 
genera  auil  spe<'t<«  themselves! 

The  F.K-t  is.  no  doubt,  that  these  patterns  are  the  direct  result  of  the 
laws  of  growth  of  the  tissues  of  the  skin.  The  limited  number  and 
detinite  character  of  these  pattermi  are  probably  the  mechanical  inci- 
dental resntts  of  tliesc  laws,  under  the  ever-varying  conditions  uf 
development  iu  each  indiWdnal.  A  good  analogy  would  be  found  iu 
snow  crystals,  of  which  abont  a  thousand  varieties  bare  been  recorded, 
which  may,  however,  all  be  grouped  under  five  classes,  while  each  snow 
fall  usually  protlnces  crystals  of  one  class.  Here  we  hare  the  fixed  and 
detinite  laws  of  the  crystallization  of  wat«r,  so  modified  by  conditions 
of  moisture,  temperature,  motion,  and  perhaps  electric  state  of  the 
utuiospher«,  as  to  lead  to  this  wonderful  variety  of  the  product,  yet 
always  subject  to  the  law  of  crystalline  symmetry  and  to  systematic 
grouping  under  definite  classes;  Just  as  in  these  finger  prints  wo  have 
a  more  limited  variety  of  forms,  which  also  can  be  grouped  under  a  few 
classes.  But  neither  the  one  nor  the  other  has  any  real  bearing  upoo 
the  problem  of  the  nature  and  origin  of  the  genera  and  species  of 
living  organisms.  A  study  of  the  distribution  of  the  stars  over  the 
surface  of  the  heavet  ),  or  of  the  interlacing  ripple  marks  upon  the 
sea-beach,  would  no  doubt  show  that  these  objects  might  also  be  tlie 
subject  of  classification;  and  from  the  jwiut  of  view  of  elucidating  the 
origin  of  species,  they  would  be  about  as  nseftil,  or  aa  wortbless,  as  the 
study  of  finger  marks, 

(.)f  course,  there  are  many  varieties  or  races,  both  among  animals  and  . 
'vhicb  continually  reappear,  and  which  in  some  cases  are  known 
luce  their  like,  and  tbeae  uudoubt«dly  hare  an  appearauce 
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of  stability.  Sucii  are  the  light  and  dark  colored  varieties  in  many 
insects  and  in  some  mammals  and  birds,  the  hairy  or  smooth  varieties 
of  plants,  specially  banded  or  colored  land  shells,  and  many  others. 
"Whenever  any  of  these  variations  are  not  injnrions  under  the  actual 
conditions  of  existence  of  the  species  they  may  persist  in  considerable 
Tiambers,  and  thus  appear  to  be  stable.  But  others  which  are  compar- 
atively rare  may  be  jnst  as  stable  organically,  as  shova  by  the  case 
of  white  mice,  pigeons,  etc.,  which  increase  to  any  extent  nnder  domes- 
tication. In  a  wild  state  they  never  do  so,  and  the  obvioas  reason 
is  that  either  the  conspicnons  color  or  something  correlated  with  it  is 
injurious.  In  flowers  white  varieties  are  frequent,  and  they  occur  in 
all  degrees  of  abundance  or  rarity,  and  this  indicates,  in  all  proba- 
bility, various  degrees  of  hnrtfulness.  If  in  any  case  the  white  color 
were  not  at  all  injurious  as  compared  with  that  of  the  type,  it  would 
almost  always,  by  the  operation  of  Delboeuf's  law,  tend  to  increase  to 
nearly  an  equality  with  the  parent  form,  and  as  this  equality  so  rarely 
occurs  we  must  conclude  that  in  most  cases  the  variety,  of  whatever 
hind,  is  to  some  extent  injurious.'  From  the  usually  limited  number 
of  individuals  presenting  these  discontinuous  variations,  we  may  there- 
fore draw  an  important  conclusion  which  has  hitherto  been  overlooked. 
It  is  that  not  only  do  such  variations  afford  no  support  to  the  theory 
of  a  special  "organic  stability"  capable  of  producing  races,  species, 
and  even  genera,  without  any  aid  from  natural  selection,  but  they  fur- 
nish a  strong,  if  not  conclusive,  argument  against  it,  since  any  which 
did  i>0B8ess  such  exceptional  stability  and  were  in  no  degree  injurious 
would  loDg  since  have  become  equal  in  numbers  to  the  type  of  the 
species. 

A  few  words  are  here  necessary  as  to  the  very  common  misconcep- 
tion that  extreme  Darwinians  do  not  recognize  the  importance  of  the 
organism  itself  and  of  its  laws  of  growth  and  development  in  the  proc- 
ess of  evolution.  For  myself,  I  may  say  that  no  one  can  be  more 
profoundly  impressed  by  the  vast  range,  by  the  complexity,  by  the  mys- 
tery, by  the  marvelous  power  of  the  laws  and  jtroperties  of  organized 

■For  a  BlaMmont  iin<l  populnr  deitioustiation  of  DelbiEufa  Inw  Bee  Habit  niid 
iDtolligence,  by  J.  J.  MuTphy,  2il  od.,  page  241.  Kricfly,  the- law  ia  that  if  a  speciee 
prodncM  a  variety,  iu  however  iraall  a  proportion  annually,  and  if  the  variety  pro- 
dnce*  ita  like  in  tho  eaoio  proportion  as  dooa  the  spocieH,  and  if  it  is  neither  heno- 
fioial  nor  bnrtfal  to  the  speciea,  tlien  the  variety  will  increase,  rapidly  at  first  and 
more  slowly  aftorwards,  till  it  approachea  to  equality  in  numbers  with  tho  species. 
From  this  law  it  follows  that,  as  varieties  are  nsually  very  much  less  numeroua  thrin 
the  species,  this  must  be  due  to  one  of  the  fallovrine  canses:  Either  (1)  the  variety 
has  but  recently  originated,  and  has  uot  had  time  to  increase,  or  (2)  the  variety  has 
ceased  to  be  produced  by  the  species,  or  (3)  it  does  not  reproduce  ita  like  so  com- 
pletely as  does  theapecies,  or  (4)  it  is  disadvantageons  to  the  species.  The  first  two 
snppoaitions  are  Improbable,  and  can  only  occooDt  for  a  very  small  proportion  of  the 
varieties  which  are  greatly  Inferior  in  nnmbera  to  the  speciea;  tho  other  two  are 
antAgonistio  to  any  apecial  "organic  stability,"  which  mast  therefore,  in  the  great 
majority  of  cases,  be  rejected  as  being  both  unproven  and  opposed  to  the  facts. 
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mntler,  which  conotitate  tbeTeryfoaiidatiotiof  all  lifv,nnd  which  alone 
render  possible  its  cniinlless  manifeatationn  in  the  nDimnI  nnd  vefjeta- 
ble  worlds;  while  those  who  have  read  Weissmanii's  acvonut  of  the 
complex  processes  of  development  of  sperm  and  genu  cells,  in  his  vol- 
nine  on  Tlie  (iertn  Plasm,  ninst  feel  sure  that  he,  at  all  events,  can  have 
no  inadequate  conception  of  their  importance. 

What  Darwinians  deny  is,  as  I  underetnnd  the  question,  that  these 
laws  themselves  serve  to  keep  the  completed  organism  in  close  adapta- 
tion to  the  fluctuating  environment,  instead  of  merely  ftirnishing  the 
material  which  is  required  for  that  adaption.  In  our  view,  the  funda- 
mental laws  of  prowth  and  development,  through  the  agency  of  rapid 
maUi plication  and  constant  variability,  provide  the  material  on  which 
natnral  selection  acts  and  by  means  of  which  it  is  enabled  to  keep  up 
the  adaption  to  the  environment  (which  alone  renders  continuous  life 
and  reproduction  possible)  during  the  constant  though  slow  changes, 
whether  inorganic  or  organic,  by  which,  in  the  coarse  of  ages,  the 
effective  environment  of  each  species  becomes  more  or  less  profoundly 
modified.  Thus,  and  thus  alone,  we  believe,  are  new  species  produced 
in  strict  adaption  to  the  new  environment.  So  far  as  rendering  possi- 
ble and  actually  leading  to  growth,  reproduction,  and  variation,  the 
fundamental  laws  are  supreme.  In  securing  the  development  of  new 
forms  in  adaption  to  the  new  environment,  nnturnl  selection  is  supreme. 
Hence  arises  the  real  distinction — thongh  wc  may  not  always  be  able 
to  disti  iiguish  them — between  specific  aud  nonspecific  or  developmental 
characters.  The  former  are  those  definite  though  slight  modifications 
through  which  each  new  si)ecies  actually  became  adapted  to  its  changed 
environment.  They  are,  therefore,  in  their  very  nature  usefiil.  The 
latter  are  due  to  the  laws  which  determine  the  growth  and  develop- 
ment of  the  organism,  and  therefore  they  rarely  coincide  exactly  with 
the  limits  of  a  species.  The  more  important  of  these  latter  characters 
are  common  to  much  larger  groups,  as  families,  orders,  or  clas-ses,  wliilo 
others,  depending  partly  on  complex  and  fluctuating  influences,  are 
variable  even  within  the  limits  of  a  spircies.  Of  this  kind  are  the  finger 
prints,  which,  like  many  other  minute  details  of  form  or  strnctare,  vary 
from  individual  to  individnal. 

I  have  now,  I  think,  shown  that  the  two  most  recent  eflforts  to  estab 
lish  new  methods  of  organic  evolution  at  either  complete  or  partial 
substitutes  for  natural  selection — that  is,  for  the  survival  of  the  fittest 
anmng  the  individual  variations  annually  produced — have  completely 
failed  to  establi.sh  themselves  as  having  any  relation  to  the  actual  facts 
of  nature.  Mr.  Bivteson's  discontinnous  variations  were  long  ago 
rejectetl  by  Darwin  as  having  no  important  part  in  the  formation  of 
rcw  species,  while  recent  and  ever-growing  proofs  of  the  generality 
and  the  magnitude  of  individual  varial>ility  render  these  larger  and 
rarer  kinds  of  variation  of  even  less  importance  than  in  his  time,  Mr. 
Galton's  theory  of  organic  stability,  which  is  essential  to  the  sueceas 
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of  dtncontinaons  variations,  has  been  sltowu  to  be  fouiid(>d  npon  a  com- 
pariKoii  of  things  of  n  totally  dissimilar  nature,  and,  further,  to  be 
absolutely  unintelligible  and  powerless  unless  in  strict  subordination 
to  natural  selection. 

The  reason  wliy  two  writers  of  such  extensive  knowledge  and 
undoubted  ability  liare  so  completely  failed  in  dealing  with  tbe  great 
problem  of  tlie  modification  of  organic  forms  has  been  clearly  indicated 
during  tbe  course  of  this  discussion.  It  has  arisen  from  the  fact  that 
tliey  have  devoted  themselves  too  exclusively  to  one  set  of  factors, 
^vhilu  overlooking  others  which  are  both  more  general  and  more  funda- 
mental. These  are  the  enormously  rapid  multiplication  of  all  organ- 
isms during  more  favorable  periods,  and  the  consequent  weeding  out 
of  all  but  the  fittest  in  what  must  be  on  the  whole  stationary  popula- 
tions. And  acting  in  combination  with  this  annual  destruction  of  the 
le«s  fit  is  the  periodical  elimination  under  recurrent  unfavorable  con- 
ditions of  sach  a  large  proiwrtion  of  each  species  as  to  leave  only  a 
small  fraction — the  very  elect  of  the  electr— to  continue  the  race.  It  is 
only  by  keeping  the  tremendous  severity  of  this  inevitable  and  never- 
ceasing  process  of  selection  always  present  to  our  minds  and  applying 
it  in  detail  to  each  suggested  new  factor  in  the  process  of  evolution 
that  we  shall  be  able  to  determine  what  part  such  factors  can  take  in 
the  production  of  new  species.  It  is  because  they  have  not  done  this 
that  the  two  authors  whose  works  have  been  here  examined  have  so 
completely  failed  to  make  any  real  advance  toward  a  more  complete 
solution  of  the  problem  of  the  origin  of  si>ecies  than  has  been  reached 
by  Darwin  and  his  saccessors. 


■   n,g:,.ndtyG00glc 


n,g:,.-ndtyG00glc 


THE  PAKT  PLAYED  BY  ELECTRICITY  IN  THE  PHENOMENA 
OF  ANIMAL  LIFE.' 


By  M.  Ernest  Soltat 

-  -  -  Biological  research  must  be  ^ide<l  in  the  directiou  of  pliysicH 
aud  chemistry,  and,  in  my  opinion,  we  must  set  out  with  this  profound 
conviction — that  (he  phenomena  of  life  can  and  should  be  explained  solely 
by  the  Korking  of  the  physical  forces  which  control  the  material  vniverse, 
and  that  among  these  forces  electricity  plays  a  predominant  part. 

It  is  with  a  view  to  contribtite  to  the  vorificatiou  and  development  of 
this  thesis  by  observation  and  by  study  of  the  facta  of  experiment  that 
I  have  detertuine«l  to  found  a  special  institute  for  research. 

I  would  now  address  myself  to  all  those  who,  in  the  future,  and  even 
aft«r  I  shall  have  ceased  to  live,  shall  undertake  rcKearches  in  the 
laboratories  which  are  abont  to  bo  opened;  I  would  try  to  state  the 
character  of  the  answers  which  I  foreKce  are  to  bo  looked  for  from  their 
labors  to  the  great  problem,  as  I  understand  it,  of  the  nature  of  life. 
IlavlDg  meditated  mnch  u[>ou  this  problem,  I  believe  that  I  have  foniid 
some  new  points  of  view  which  it  may  be  nscful  to  make  known  to 
those  who  enter  upon  experimental  researches  in  this  direction.  I  aim 
at  establishing  a  close  correlation  among  the  facts  by  tracing  them  back 
always  to  the  foundation  of  physical  principle.  I  introduce  hypothesis 
when  needful,  as  a  lever,  as  a  tool  with  which  to  open  a  new  path  for 
investigation.  The  future  will  show  t^  what  extent  my  views  are  tnie, 
or  how  far  I  have  been  mistaken.  . 


PBIHCIPLE3   OF  PHYSICOCHEMISTRY. 


We  know  that  in  every  case  of  chemical  combination  the  quantity  of 
heat  disengaged,  with  positive  or  negative  vakic,  is  equal  to  thatwhich 
would  be  necessary  and  siifBcient  to  decnnqwse  into  its  constituents 

'  Extracts  from  an  addresa  delivered  by  H.  Kmnal  Solvny,  at  DriiSAelit,  on  the  I4tli 
of  December,  1893, on  tho  iwraiiioo  of  the  jinblk  K'l't  *•>  tho  cily  of  Itrutuwlsuf  llio 
Inatitiite  for  Phj Biological  li<«earcb,  founded  by  ii.  bolvay. 

Traualatwl  by  J.  W.  Hallet 
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the  substance  formed  -  -  -  It  seuiiis  permissible  to  assume  that, 
ID  every  case  of  chemical  combination,  electrical  euergy  may  eiut 
before  thermic  euergy,  and  that  the  letter  may  be  but  the  result  of  a 
traosformation  of  the  funiier;  that,  if  this  way  of  looking  at  the  facts 
is  but  partially  suataiued  by  experiment,  the  reason  is  to  be  fouuU  in 
our  working  under  conditions  which  cause  the  immediate  transforma- 
tion, in  whole  or  ni  part,  of  electricity  into  heat. 

In  support  of  this  mode  of  looking  at  the  facts  let  us  notice  tlial 
electricity  is  capable  of  decomposini;  a  substance  without  sensibly 
raising  its  temperature,  while  this  is  far  from  being  true  in  regard  to 
heat;  hence  the  product  of  an  elcctrolyRis  is  much  greater  than  tbat 
of  a  dissociation  due  to  heat  uloiic.  It  follows  that  electricity  appears 
to  us  as  endowed  with  a  peculiar  and  specific  character,  of  which  we 
shall  have  to  take  account.    -    -    - 


-  -  ■  We  may,  it  seems  to  me,  explain  lUl  phenomena,  both  phys- 
ical and  chemical,  by  assuming  tbat  every  mass  of  matter  (particle, 
molecule,  or  atom)  is  endowetl  with  a  specific  character  which  is  a 
miitlieniiitical  function  of  its  temperatnre,  of  its  pressure,  aod  of  itH 
potential  energy  or  its  electrical  state.' 

Expanding  this  pro[>osition,  here  statetl  in  its  most  general  form,  we 
recognize  that  it  aBonls  us  the  means  of  explaining,  not  only  the 
attra(;tive  force  acting  between  the  parts  of  matter  of  the  same  kind, 
but  also  and  equally  well  the  siiecial  elective  power  which  (characterizes 
the  chemical  force  cjilleil  iifRnity;  that  it  enables  us  to  interpret  the 
variations  which  this  latter  force  exhibits  under  the  iiiHueiice  of  changes 
in  temiieratnre,  pressure,  or  previous  electrical  state  (dissociation, 
action  in  the  nascent  state,  etc.);  that  in  short  this  very  function  of 
which  we  are  speaking  mnst  be  the  expression  of  the  physical  force 
cidled  cohesion  or  of  the  chemical  force  known  iis  affinity,  according  as 
the  substances  brought  together  are  identical  or  different  in  nature. 

All  phenomena,  physical  and  chenucal,  are  thus  blended,  aud  fall 
into  two  great  classes; 

(1)  Kndothermic  phenomena,  which  consume,  absorb,or  render  latent 
a  certain  qnantity  of  external  energy;  and 

(2)  Kxothermic  phenomena,  which  set  free  a  part  of  the  energy  exist 
ing  in  the  potential  state  in  the  ingredients  which  unite  in  the  forma- 
tion of  a  new  body. 

Let  us  go  back  now  to  what  has  been  said  (in  I)  as  to  the  preappear- 
aiice  of  electrical  energy  in  the  act  of  chemical  combination. 

If  it  bo  true  that  chemical  aud  physical  phenomena  present  no  essen- 
tial points  of  difl'erence,  and  are  but  the  manifestations  of  a  single  arnl 


inl  ttaergy  muy  bo  oxiirusaed  aa  uleutrical  uuert;y. 
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ideutical  aggregate  of  caufie»,  have  we  nut  grouud  for  supposiug,  by 
reason  of  analogy,  that  in  every  exothermic  pliysical  phenomenon  the 
energy  set  free  appears,  or  tenda  to  appear,  first  under  the  form  of 
electricity!  That  if  we  have  not  liitherto  succeeded  in  completely 
revealing  it  in  this  form,  it  is  becautie  the  very  circumHtances  of  our 
experiments  have  occasioDed  its  transformation. 

If  this  conjecture  be  vintlicateil  we  bball  be  authorized  to  regard  all 

tbe  phenomena  of  nature,  whatever  they  may  be,  at)  manifestations  of 

electricity,  without  deciding  beforehand  anything  as  to  the  essential 

nature  of  this  force. 

This  is  the  form  under  which  tbe  idea  presents  itself  to  my  mind  of 

t,be  unity  of  the  forces  of  nature. 

II. 

OP  THE  LIVING  MOTOR. 
I.— OF  THK  NATtTKK  OK  THE  I.IVINC  MOTOR. 

-  -  -  Among  tbe  essential  characteristics  presented  by  the  animal 
kingdom,  one  of  the  most  striking  is  uuquesi iouubly  tbe  faculty  of 
automatic  locomotion,  which  has  been  called  uiotivity. 

Tbe  study  of  this  distinctive  quality  leads  us  quite  naturally  to  the 
most  general  consideration  of  tbe  phenomena  of  life  in  their  connected 
^gregate,  so  that  we  may  conveniently  take  this  as  oiil  starting  point 
when  we  propose  to  unfold  tbe  part  taken  by  the  forces  of  inanimate 
nature  in  connection  with  the  phenomena  in  question.  iSiuce  motivity 
is  essentially  inherent  in  the  nuture  of  the  Uving  animal  organism,  we 
may  say  that  an  animal  is  a  motor;  further  than  this,  wo  have  good 
reason  to  believe  that  an  animal  is  an  electric  motor,  as  I  will  now  try 
to  show. 

Proceeding  by  the  method  of  exclusion,  we  see  at  the  outset  that 
motivity  can  not  arise  from  a  dynamic  transformation  of  potential 
energy  of  the  kind  presented  to  us  in  a  hydraulic  motor,  for  we  per 
ceive  neither  a  reservoir  of  liquid  nor  a  fall  capable  of  being  turned  to 
account. 

Neither  can  the  cause  we  seek  bo  found  in  a  purely  thennic  transfor- 
mation of  the  same  kind  as  that  exhibited  by  gas  engines,  hot-air  engines, 
and  steam  engines,  to  which  contrivances  no  one  would  think  of  com- 
paiing  a  muscle. 

On  the  other  hand,  electricity  leuds  itself  to  a  satisfactory  solutiou 
of  the  problem  before  us,  a  solution  to  which  it  will  be  well  that  we  give 
onr  attention,  at  any  rate  until  the  future  shall  have  revealed  to  us  the 
exiKtence  of  some  other  as  yet  uuthonght-of  mode  of  transformation  of 
energy,  if  so  be  that  such  a  mode  exist. 

Laying  aside,  then,  finally,  on  the  evidence  before  lis,  the  supposition 
of  hydraulic  action,  let  us  examine  more  closely  the  two  other  hypotb- 
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eseB,  and  let  as  especially  compare  ttie  yield  in  mccbauical  energy  of  . 
a  thermic  or  electric  motor  vitli  that  of  a  living  motor. 

We  know  that  the  most  highly  approved  thermic  motors  do  not  give 
more  than  about  8|  jter  cent  of  useful  effect;  the  theoretic  limit  to  the 
yield  of  steam  engines  is  17  per  cent,  and  to  that  of  gas  engines  21  i>er 
cent.  On  the  other  hand,  let  us  look  back  to  the  experiments  of  Ilim 
and  Helmholtz.  We  find  that  Tre  must  assign  to  the  yield  of  a  mascle 
a  mean  value  of  more  than  30  per  cent. 

It  is  impossible,  as  we  see,  to  compare  with  this  useful  effect  the  far 
inferior  yield  of  tlie  thermic  motors  of  human  contrivance;  the  differ- 
ence is  so  great  that,  without  reference  to  certain  physical  impossibil- 
ities pointed  out  by  Him,  it  suffices  to  make  us  give  up  the  hypothesis 
of  a  thermic  cause,  in  the  sense  in  which  we  have  jnst  spoken  of  IL 
The  idea  of  electrical  transformation  presents  itself  i[i  quite  a  differeut 
light,  since  in  this  case  the  yield  in  dynamic  effect  is  much  greater  and 
is  comparable  to  that  of  the  living  motor. 


-  ■  -  Oxidationof  organic  matter  takes  place  in  all  the  living  cella. 
It  takes  place  even  in  the  blood  and  in  the  lymph  at  the  expense  of  the 
chemical  constituents  carried  forward  by  these  fluids  and  not  as  yet 
endowed  with  organized  structure.  All  the  tissues  take  part  in  this 
process  of  internal  combustion.  All  must  thus  contribute  to  the  supply 
of  energy  necessary  to  the  living  being. 

But  the  relative  importance  of  each  of  the  tissues  varies  greatly  iu 
this  respect.  To  convince  ourselves  of  this  we  need  but,  for  instance, 
ct)utrast  the  physiology  of  muscular  tissue  with  that  of  connective 
tissue. 

The  pre^Hinderant  importance  of  the  part  played  by  muscular  tissue 
is  manifest;  we  know,  in  fact,  that  when  woi:k  is  being  done  the  mus- 
cles come  in  for  some  70  or  80  per  cent  of  the  total  oxidation  taking  place 
in  the  animal  economy.  The  glands,  which  represent  apparatus  com- 
posed of  colls  of  great  vital  activity,  also  undergo  rapid  oxidation. 
Internal  oxidation  is  for  us  the  source  of  electricity.  This  process  goes 
on  chie6y  iu  the  muscles  and  in  the  glands;  hence  we  give  to  these 
portions  of  tlie  whole  organic  structure  the  uame  of  electrogenic 
apparatus. 

It  is  interesting  to  notice  that  the  tissues  which  are  the  seat  of  most 
active  oxidation,  as  the  muscles  and  the  glands,  are  richly  provided 
with  nerves,  while  those  in  which  oxidation  is  feeble,  as  the  cartilages 
and  connective  tissue,  are  but  jtoorly  supplied  by  the  nervous  system. 

May  we  not  use  this  fact — a  very  important  one,  in  my  opinion — to 
establish  an  analogy  between  each  animal  organism,  simple  or  com- 
plex, amaba  or  man,  and  the  cell  or  single  element  of  a  voltaic  battery  f 
Thus  the  readily  ozidizable  tissues,  forming  the  electrogenic  apparatus, 
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would  pluy  the  part  of  tbe  negative  plat«,  the  Quids  producing  oxida- 
tiou  and  Iiydratiou  that  of  the  pooitive  plate;  the  nerves  would  serve 
t<>  close  the  circuit. 

We  should  thus  recognize  in  the  economy  of  the  living  animal  the 
chemical  duality  necessary  for  the  production  of  electrical  energy; 
ahonld  we  not,  consequently,  be  justified  in  considering  this  organism 
38  a  true  physiological  battery?  If  so,  we  ought  to  follow  up  the  com- 
f>ari8on,  and  try  to  understand  how  this  battery  works;  what  is  the 
uature  and  what  the  extent  of  its  circuit;  what  are  the  caases  which 
make  its  discharge  to  vary,  and  finally,  what  becomes  of  the  energy 
which  it  develops. 


In  every  battery  tbe  existence  of  available  electrical  energy  is  mani- 
fested only  in  so  far  aa  the  electricity  is  able  to  flow  off  by  approjtriate 
conductors  to  parts  of  the  apparatus  where  it  may  lie  utilized  or 
transformed. 

In  default  of  such  an  arrangement — in  the  case,  for  instance,  of  a  bat- 
tery short-circuited  by  means  of  a  conductor  of  low  resistance — we 
perceive  nothing  but  a  development  of  heat,  which  seems  to  be  the 
immediate  result  of  the  transformation  of  energy  which  occurs,  but 
which,  ill  accordance  with  what  we  have  said  as  to  the  preappearaiice 
of  electricity,  may  here  again  be  regarded  as  a  secondary  phenomenon. 

To  justify  tbe  use  of  the  expression  physiological  battery  or  jiilc,  we 
have  at  the  outset  to  prove  that  there  esist  in  tbe  aiiimat  organism 
lines  of  least  electrical  resistance  (or  behaving  as  such)  capable  of  giv- 
ing direction  to  the  electricity  disengaged,  of  conducting  and  distrib- 
nting  it. 

But  I  have  good  reason  for  believing  that  this  part  devolves  upon  the 
□erves,  and  that  wherever  they  are  developed  and  ramified  tbey  gather 
up  a  part  of  the  electricity  jiroduced  by  the  electrogenic  H[>paratiia  and 
convey  it  to  points  where  it  reappears  unaltered  or  transformed. 

The  slight  oxidizability  of  nervous  tissue  and  its  great  functional 
importance  lend,  moreover,  snpiwrt  to  this  mode  of  looking  at  it. 

In  what  way  does  the  propagation  of  electricity  in  the  nerves  take 
placet  This  question  is  certaiuly  destined  to  occupy  a  large  place  iu 
the  programme  for  the  experimental  work  of  the  institute.  To  answer 
it  there  will  be  need,  it  seems  to  me,  for  seeking  first  of  all  to  complete 
our  knowledge  of  the  constitution  itself  of  the  nerve  fiber,  aflerwards 
to  study  very  closely  the  eleetro-]»hy8ical  properties  of  nerve  tissue,  to 
investigate  under  what  influences  its  electrical  resistance  varies,  to 
determine  finally  the  nature  of  the  process  itself  by  which  the  nerve 
current  is  propagated  toward  the  or-^ns  where  it  is  utilized.  The 
inmost  nature  of  this  process  is  as  yet  unknown  to  us,  and  I  do  not 
auderataud  that  it  is  to  be  reganled  as  identical  with  the  propagation 
of  electricity  in  a  metallic  conductor.    1  limit  myself  theu,  for  the 
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preeeDt,  to  a  uncle  reatarfc  «hi  tbis  point — already  i»t>Yed  to  be  tme— 
nantelf .  that  manifestations  of  ii«i-\  e  acticHi  are  always  acoompanieil  bf 
variations  of  electrioal  t-iMxlitioD. 

1  will  not  enlace  farther  npou  these  qoestionft,  inportant  as  tbcj 
an-.  8o  :i!t  uot  to  go  U-.vonil  the  plao  of  a  maely  general  statement  (^ 
views. 

Nu  one  among  you,  moreover,  caii  bare  overlooked  the  great  iuler- 
CKt  of  tbe  retwarcbt^  uf  which  these  itoinla  will  form  the  subject  in  thr 
new  iiistitnte. 


Moscle  and  nerve  re^^pond  to  stimolatioD  of  niechauical,  thennir. 
chemical,  or  electrical  origin,  but  the  last  of  these  in  atteude^l  witli 
e8|>eciaUy  remarkable  resolls. 

Electrical  iuflnence  is  in  fuc-t  by  far  tbe  most  powerful  and  extcndnl 
in  itK  effect,  whether  it  be  applieil  directly  tu  the  muscnlar  tissue  or. 
above  all,  i(  it  be  applied  to  a  nerve. 

On  tbe  one  baud,  if  a  muscle  be  directly  stimulated  by  a  sbocfc, ) 
drop  of  acid,  or  a  prick  with  a  sharp  point,  we  protlnce  but  a  limited 
Wal  effect,  while,  on  the  eoiitp.iry,  if  we  act  through  the  me<Hum  of  a 
nerve  we  call  forth  generalized  effects,  whatever  be  the  stimulus  made 
UKu  of,  and  it  itt  tbe  whole  muscle  that  contracts  as  if  each  of  its  parts 
were  electrified. 

To  obtain  tbe  same  result  without  having  recourse  to  a  nerve  »^ 
medium  it  would  be  nec'es«ary  to  ai>i>ly  tbe  stimulus  simultaneously  to 
all  tbe  elementary  fibers  of  tbe  mns<'lc. 

TlieHe  facts  Lave  a  double  bearing:  they  seem  to  justify  the  idea  of 
attributing  to  the  nerves  the  part  of  couductors,  and  show  aUo  that 
electricity  is  the  form  of  energy  wbich  lends  itself  better  than  any  otber 
to  propagation  to  a  distance  and  to  distribution  in  the  living  orgauisio. 

v.— Ol-   MUSCULiR  CONTHACTTIUtA-. 

Altbongh  stimulation  gives  rise  to  electrical  niaiiifeBtations  it  does  uot 
follow  tliat  tlie  api)earance  or  presence  of  electricity  is  necessarily 
dependent  ujMm  the  occurrence  of  external  stinmlation. 

I  am  much  rather  inclined  to  believe  that  the  physiological  electric 
battery  is  always  in  a  state  of  activity,  and  that  a  muscle  works — that 
is  to  say,  gives  out  energy  produced  by  tbis  battery — eveu  when  it 
accomplishes  no  external  work. 

A  muscle  is  au  elastic  body,  more  or  less  stretched,  capable  of  being 
progressively  contracted  by  the  electric  current  up  to  the  point  of  pro- 
ducing an  external  mechanical  effect.  As  tbe  current  diminishes  tlie 
muscle  relaxes;  as  the  current  inereaises  it  contracts,  and  we  may  say 
that  its  tonus,  or  intensity  of  contraction,  is  some  fuucUou  of  tlfe 
quantity  of  electrical  energy  employed. 
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Oil  the  otlter  hand,  it  seems  evident  that  it  is  tii  cousequence  not  of 
Ktatic  bat  of  a  dynamic  action  that  the  muscle  as  au  ornrfiii  maintains 
H  state  of  voDtractiou.  It  behaves  like  a  si>rtiig  npou  which  a  jet  of 
ater  constantly  plays,  and  not  like  a  npriiig  loaded  with  a  weight. 

Ill  tlie  former  of  these  two  cases  the  dynamic  atreatt,  couataiitly  kept 
p,  is  exerted  against  work,  which  involves  expenditure  of  the  moving 
iiid  and,  consequently,  a  certain  amount  of  energy.  In  the  same  way 
he  sustained  contraction  of  a  muscle  also  demands  a  continued  supply 
f  energy. 

Tbo  physiological  battery  operates,  tbeu,  to  furnish  this  energy  even 
rben  the  muscle  is  at  rest,  and  as  no  external  work  is  accomplished  in 
bis  condition  all  the  energy  furnished  is  transformed  into  beat. 

It  would  be  eiisy  to  multiply  illustrations  of  tbis  condition  of  si>ecial 
tquilibrinui;  wo  find  it  notably  exhibited  in  the  case  of  abnllmil>l>orted 
)it  a  jet  of  water  and  in  that  of  a  soaring  bird,  which  vuiitendi)  with 
Lhe  action  of  gravity  by  tbe  rhythmic  Btrokes  of  its  wings. 

It  is  easy  to  see  that  the  quantity  of  energy  consumed  must  increase 
when  the  state  of  rest  is  followe<l  by  that  of  activity  from  whatever 
c'uutu;,  during  which  external  and  internal  work  are  sui>eradded  to  that 
of  tbe  touu8  existing  during  muwmlur  reiwse.  Tlie  reaction  of  tbe 
organism  is  not  constant;  it  varies  in  intensity  with  tbe  condition  of 
Hleep,  of  wakefubiess,  and  of  work.     -     •    • 

It  must  be,  then,  of  absolute  necessity  that  tho  yield  or  output  of 
energy  of  the  jihysiological  battery  can  regulate  iti^elf  in  due  proiHirtion, 
so  that  there  shall  never  lie  either  excess  or  deficiency. 

Where  shall  we  find  the  sesit  of  this  regulating  action  if  it  be  not  in 
tbe  I lervons system  itself,  with  the  inii>ortauce  of  which  as  an  apparatus 
of  stimalation  we  have  already  taken  notef 

Assuming  that  the  nervous  system  is  not  the  producer  of  energy,  but 
tliat  its  function  is  oidy  to  distributu  it,  must  we  not  hence  conclude 
that  by  means  of  its  stimulating  iMiwer  it  can  moilify,  hasten,  or  retard 
thisdistributiouf 


We  may  picture  to  ourselves  simply  enough,  in  general  principle,  the 
reasou  for  the  existence  of  the  nervous  system  if  we  represent  a  nerve 
M  tbe  main  path  by  which  electrical  energy  is  carried  from  the  [>oint 
at  whicli  it  originates  to  a  nerve  center  uud  from  thence  to  an  organ 
of  expenditure. 

In  pro{iortion  aa  we  ascend  in  the  scale  of  matured  animal  forms  or 
in  that  of  embryonic  stages  of  development,  and  as  we  study  more  and 
wore  perfect  orgiinisms,  we  observe  tbe  iiuisculur  and  iktvous  systems 
ilevdopin  extent  and  at  the  same  time  increase  in  the  complexity  of 
their  structure  and  functiouK.     In  pro[wrtion  as  tbe  embryo  undergoes 
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doTelopment  the  nerve  fiber  elongates  and  becomes  the  seat  of  incressec 
electrical  resistance. 

Thus  the  nervonn  network  ceases  to  be  able  to  carry  more  t^hsua  a 
eontinnally  diminishing  part  of  the  total  energy.  The  greater  part, 
forced  to  undergo  utilization  at  the  seat  of  its  production,  gives  to  the 
muscular  fiber  itn  peculiar  character  and  brings  about  its  contractility 
or-tonicity,  as  we  have  seen  (in  v),     -     -     ■ 

If  we  reflect  open  the  stage  of  progressive  evolution  of  an  iiiTerior 
animal,  or  upon  one  of  the  earlier  phases  of  development  of  an  embryo, 
we  understand  that  in  proportion  as  nerve  trunks  take  their  rise  in  the 
neighborhood  of  each  other  differences  of  electric  potential,  existing 
between  certain  points  of  these  tmnks,  tend  to  give  rise  to  new  trunks, 
sn^ieradded  to  the  former,  and  the  presence  of  which  helps  to  render 
electrically  dependent  u^Min  each  other  the  different  parts  of  the  etec- 
trogenic  system. 

Let  these  anoitomosei  be  multiplied  ad  infinitum,  without  losing 
sight  of  the  fundamental  idea  of  the  isystem,  and  we  shall  be  able,  as 
it  seems,  to  succeed  in  explaining  tlie  goTernmeutal  order  which  reigns 
throughout  the  whole  nervous  system,  fi-om  the  smallest  sporadic  gan- 
glia to  the  brain,  which  is  itself  the  center  of  centers. 


Let  us  now  iuvestigiite  how  the  nervoi 
stimulator  while  drawing  its  functional  i 
whole  organism,  and  how  it  conios  to  rej 
variations  of  the  physiological  battery. 

Nothing  seems  to  stand  in  the  way  o 
multiplied  nerve  trunks  which  constitut 
the  higher  auimals  as  closely  analogous 
for  the  distribution  of  electrical  energy, 
ratus  for  the  consumption  of  this  energ; 
are  branched  off  from  a  great  source  o 
central  station. 

We  may  assume  all  of  these  pieces  • 
of  the  current  to  be  regulated  by  inst 
with  the  central  source  of  power,  whic 
sume  in  their  operation  a  certain  shai 
represent  so  many  secondary  derivatio 
Finally,  to  complete  this  ideal  s(rheme, 
pieces  of  apparatus  for  the  utilization 
with  an  "annunciator" — an  instmmen 
shall  give  notice  to  the  regulating  appai 
at  the  point  at  which  such  instrument  if 

The  aggregate  of  all  the  regulating 
forms,  to  my  eyes,  an  image  of  the  brai 
give  notice  of  what  may  occur  at  the 
system  are  but  the  analogues  of  the  org         nu  i.-r.iiyGoOQlc 
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Moreover,  iiotbing  prevents  the  parte  of  sacli  a  sfBtem  being  arranged 
so  as  to'pnHlnce  apparent  aatomatism :  sacb  would  be  the  impression 
conveyed  by  the  innate  character  of  the  reflex  actions  arising  from  the 
structure  conferred  upon  the  system. 

As  for  the 'sense  impressions,  the  predominant  part  assigned  them 
ill  Ruch  a  distribation  of  energy  will  be  to  act  upon  the  regulating 
apparatus,  and  by  tbeir  means  to  modify  the  conditions  of  output  of 
energy. 

As  theeOectof  influences  from  without  acting  upon  the  organism  will 
t>e  to  oppose  or  to  favor  organic  activity  In  those  partM  where  such 
iuHueiices  have  long  tended  to  favor  such  activity,  the  organs  of  spe- 
cial Hense  will  have  been  formeil  and  developed,  and  will  have  become 
the  uormal  stimulatont  of  vital  action. 

Ill  Ruch  a  system,  provided  tbe  normal  organism  be  not  callul  upon 
for  more  than  a  part  of  the  energy  which  it  can  produce,  the  a<;tual 
proiluction  must  essentially  c<irres|iond  with  the  demand  for  it;  the 
physiological  battery  ba.-<.  in  the  wnsory  organs,  a  true  regulating 
apparatus  capable  of  adjusting  the  ainoont  of  vital  oiiidatioii  to  the 
direct  or  indirect  excitationM.wbiVh  come  from  tbc  environment;  tbe 
whole  matter  appears  a-t  if  the  stimulations  of  lietiae  impreitsions  set 
up  conditions  more  favorable  for  tbe  genesis  of  energy  by  in<Teasing 
nerve  conductivity,  perhaps  by  a  swi-lling  up  and  roniw.-<pient  increatM:  of 
contact  or  compression  of  the  material  of  tbe  axis  cylinders.  The  tlow 
of  energy  thus  produced  at  the  seat  of  excitation  will  necoManly  be 
returned  like  an  echo  to  the  other  end  of  the  line,  ai-ting  upon  the  mus- 
ele  in  which  energy  is  utilized,  and  the  increa»>e  of  muscular  contrac- 
tion will  be  tbe  physiological  expri-s.>ion  of  this  echo  in  the  muscle  of 
tbe  signal  given  by  the  scn.se  imprension.     .     -    - 

III. 
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It  pre»eiitH  itself  to  us,  therefore,  not  only  in  the  complex  organism, 
but  even  in  the  last  renalt  of  its  structural  onbdivision  iu  theBin;;le 
cell,  in  which  it  still  exhibits  the  same  essential  character  by  which  it  is 
sufficiently  defined. 

It  is  not  limited  by  particular  morphological  conditions.  Organic 
form  and  stracture  may  vary  almost  endlessly  with  a  condition  of  the 
medium  without  tlie  essential  character  of  vitality  thereby  disappearing. 

In  order  that  this  vital  reaction  mny  take  place  three  general  coodi 
tions  are  necessary:  First,  the  simultaneous  presence  together  of  tlie 
prime  materials  essenlial  to  the  reaction;  secondly,  a  particalar  state 
of  distribution  of  these  prime  materials,  from  which  may  resalt  tlie 
heterogeneity  indispensable  to  the  progress  nf  the  reaction,  and,  finally, 
such  arrangemeuts  as  shall  permit  the  energy  lrt>erated  by  the  reaction 
to  ho  consumed,  utiliiced,  or  transformed,  either  on  the  sitot  or  outside 
the  field  of  the  reaction. 


Among  the  chemical  phenomena,  varied  as  they  are,  which  the  living 
organism  presents  to  ua  tln-re  is  one,  that  of  oxidation,  whiHi  is  dis- 
tinguished from  all  the  rest  by  its  generality  of  extent  and  its  prepon- 
derant importance;  wo  may  even  say  that,  so  fur  as  the  higher  animals 
are  concerned,  oxidation  is  the  essential  chemical  phenomenon  of  life 
and  the  others  are  but  of  secondary  character.  -  -  -  Tlie  princiitnl 
seat  of  vital  activity  is  to  be  found  in  protoplasm  submitted  to  the 
action  of  oxygen.  It  is  protoplasm  which  forms  cells;  it  is  by  it  that 
they  live  and  are  nourished.  As  for  the  protoplasm  itseir,  it  derives 
its  material  from  the  various  forms  of  food,  solid,  liquid,  and  gaseous, 
which  are  thus  tlie  prime  source  of  the  energy  dcveIoi>ed  in  the  organ- 
ism. -  -  -  But  before  broactiing  the  subject  of  chemical  change  ns 
it  occurs  in  the  organism  let  us  first  consider  a  sim)i1e  phenomenon,  and 
one  with  which  we  are  fnmiliar;  we  shall  thns  make  clearer  the  state- 
ment which  is  to  follow. 

When  we  ])lunge  a  piece  of  jHtrfectly  pure  and  homogeneous  siinc  into 
acidulated  water,  as  long  as  the  metal  remains  isolated  in  the  liijuid  we 
observe  no  reaction,  save  that  at  the  first  moment  of  intnxluctioii  a 
difierence  of  electric  potential  is  immediately  established,  bat  all  is 
limited  to  this. 

If,  on  the  other  hand,  we  connect  the  zinc  with  the  acid  by  a  sub 
stance  less  oxidizable  than  this  metal,  immediately  an  electric  current 
is  set  up  and  reaction  between  zinc  and  acid  takes  place. 

Simple  contact  then  does  not  suffice  to  bring  about  reaction;  it  can 
but  produce  a  sort  of  orientation  of  tension,  or,  if  one  please  so  to  put 
it,  a  new  state  of  equilibrium  of  the  particles,  in  which  there  come  in 
an  electro- motive  force  and  a  counter  electromotive  for<«  equal  and 
opjwsed  thereto. 
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'Wlieo  Ibo  circuit  in  completed  by  nieaits  of  a  iioiioxidi/^ble  or  less 
oxklizable  subatnuce  tliis  equilibrium  is  matio  an  cikI  of  by  doing 
away  with  tLe  couutcrflectro-molive  force,  as  a  path  of  escape  ixoffered 
to  tbe  electricity;  but  tUe  electric  flow  or  current  thus  established 
constitutes  an  available  form  of  energy,  which  may  be  used  to  liberate 
zinc  i  f  we  cause  such  current  to  act  by  a  suitable  arrangement  upon  an 
easily  decomposable  zinc  salt. 

On  condition,  then,  that  we  provide  by  a  supply  of  supplementary 
energy  for  the  inevitable  losses  of  effect  resulting  fi-om  these  sueees- 
BJve  operations,  we  see  that  it  is  possible  to  form  a  cycle  of  reactions 
corresponding  at  nil  points  to  our  deflnition  of  vitality. 

If,  then,  this  definition  give  a  true  statement  of  the  facts,  must  we 
not  come  to  recognize  in  the  vital  cycle  the  image  of  that  which  we 
have  just  sketched.     •     -    ■ 

Let  us  consider  a  culture  medinm  capable  of  maintaining  the  life  of 
a  given  cell  by  furnishing  it  with  all  the  constituent  material  it  re^iuires, 
and  let  n a  observe  that  in  order  to  suitability  of  the  medium  fur  the 
cell  the  former  must  contain  at  least  the  chemical  elements  which  occur 
na  constituents  of  the  latter. 

As  long  as  the  cell  is  absent  this  medium  may  be  compared  to  tlie 
voltaic  battery  with  circuit  unclosed,  which  we  have  taken  as  an 
example  by  analogy.  Like  this  latter,  and  by  virtue  of  tbe  same  nat- 
ural laws,  it  will  present  a  ntato  of  equililtriuni,  dne  to  tbo  existence  of 
two  opposite  electrical  forces — a  kind  <-f  state  of  virtual  combination 
between  the  electro-positive  and  electro  negative  constituents — but  no 
chemicnl  change  will  disturb  its  original  bomogeneity. 

Let  us  now  suppose  thnt  the  living  cell  in  introducetl.  As  soon  as 
equilibrium  is  overthrown  displacements  of  electricity  are  set  up,  com- 
binations and  decompositions  take  place,  and  the  vital  circulation  of 
energy  and  matter  is  established. 

To  explain  what  has  thus  occurred  we  must  a.t8ume,  it  seems  to  me, 
that  tbe  first  result  of  the  introduction  of  the  living  germ  or  cell  has 
been  to  offer  to  tbo  electricity  conducting  paths,  or  in  other  words,  to 
bring  abont  what  1  will  call  odogeuesu.'  The  first  efl'ect  of  vitality 
would  seem  to  be  that  of  a  contact  action,  allowing  of  chemical  clinnge 
being  energetically  produced  by  favor  of  the  short  eii-cuits  oftered  to 
tbe  electrical  energy  engendered. 


Nevertheless,  how  can  tbia  take  place,  since  the  medium  we  have 
under  consideration  continues  inactive,  the  cell  introduced  reacting 
only  with  the  stratam  of  this  medinm  with  which  it  is  in  immediate 
contact t 

To  explain  tbis  it  is  essential  to  remark  that  from  the  quite  special 
poiot  of  view  at  which  we  arc  Just  now  placing  ourselves  we  must 
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logically  think  of  tbe  cell  aa  chemically  forming  a  part  of  the  me^nl 
by  which  it  is  Burrounded,  since  it  draws  from  thence,  and  continoesB 
draw  from  thence,  the  materials  irom  which  it  is  made  up.  Tbe  cd  1 
although  distinct  from  the  mediam,  is  bnt  a  fk^Lctlon  of  it.  The  dua  I 
ical  medium  thus  extends  to  tbe  cell  which  lives  in  it;  tbe  latUtii  I 
finding  its  way  ioto  tbe  former  has  bnt  set  up  a  geleetion  among  tte  { 
constituent  elements. 

The  fundamentally  electro-positive  materials  go  to  form  the  sabetftHn 
of  the  cell  itself;  the  oxygen,orit8  electro- negative  eqni  valent,  remsiui 
in  tbe  portion  of  the  medium  which  is  in  intimate  contact  with  &t 
matter  of  tbe  cell,  whether  on  the  outside  or  on  the  inside  of  tbe 
morphological  element  which  it  constitutes. 

It  follows  then,  clearly,  from  this  remark  that  tbe  cell  is,  property 
speiiking,  but  tbe  means  of  reaction  presented  to  tbe  mediam,  asd. 
further,  that  tbe  path  for  electric  conduction  that  we  are  looking  At 
must  exist  between  the  cell  and  the  fractional  part  of  tbe  mediam  wfaici 
is  in  direct  relation  with  it. 


But  before  we  concern  onrsetves  with  this  point  we  ought  to  look  into 
the  phenomenon  of  cell  uotritiou  and  ask  ourselves  how  it  is  that  in 
the  complex  medium  that  surrounds  it  on  all  sides  tbe  cell  is  able  is 
some  way  to  choose  the  elementary  particles  which  suit  it;  by  vba 
directive  influence  these  particles  take  up  their  positions  and  arraogt 
themselves  iu  such  a  way  as  to  become  integral  parts  of  aa  oi^anizvd 
structure;  whence  finally  comes  the  impulse  which  determines  tbt 
apei-ial  course  of  tbe  vital  circulation  of  matter  and  energy,  allowiot! 
tbe  cell,  on  the  one  hand,  to  assimilate  such  or  sucb  a  determioate  con- 
stituent from  the  medium,  while  at  the  same  time  it  gives  up,  on  tbe 
other  hand,  some  constituent  which  has  jast  before  formed  a  part  of  its 
structure  t 

It  is  easy  to  reply  to  these  questions  if  we  go  back  to  tbe  inorganic 
reaction  between  zinc  and  acid,  and  take  it  as  a  new  subject  of  com- 
parison, imagining  now  the  zinc  to  be  in  a  finely  divided  condition,  We 
have  seen  that  iu  this  case  the  acid,  ready  to  combine  with  the  eidc,  ii 
held  in  check  by  the  electricity  set  free  at  the  first  moment  of  oootaci, 
this  electricity  counterbalancing  or  neutralizing  its  chemical  aflnnity. 

We  have  tbe  same  state  of  things  before  us  in  the  growing  cell 
surrounded  by  a  nutrient  medium.  Tbe  albuminoids  of  the  plasms 
correspond  to  tbe  finely  divided  zinc;  the  oxygen  represents  the  acid 
of  the  mineral  illustration. 

When  this  oxygen,  kept  in  the  inactive  state  by  favor  of  the  albumi- 
noids with  wbicb  it  is  virtually  associated,  makes  ita  way  with  them 
into  the  domain  of  the  cell  and  comes  in  contact  with  albumiooid 
materials  of  tbe  same  kind,  but  more  readily  oxidizable  for  reasons 
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which  tre  shall  see  further  on,  it  at  once  enters  into  combination  with 
them.    It  thus  sets  free  new  portions  of  albuminoid  matter  from  tbe 

■  virtual  combination  which  it  had  formed  with  them,  and  these  immedi- 
ately take  advantage  of  the  electricity  produced  by  the  oxidation  to 
raise  their  own  electric  potential  to  such  a  point  that  they  may  be  abl6 
in  consequence  to  take  their  places  in  turn  in  the  structural  edifice  of 
the  cell  thus  eudothermically  built  up.    It  is  in  this  way  that,  quite 

■  iiatnraUy,  the  cycle  of  reactions  is  established  which  constitutes  the 
rotation  of  changes  in  the  living  machine. 

The  mechanism  which  we  have  Jnat  explained  shows  how  the  chem- 
ical changes  which  represent  the  nutrition  of  the  cell  take  place  in  the 
inmost  recesses  of  the  living  substance  itself,  from  atom  to  atom  and 
from  molecule  to  molecule,  producing,  in  place  and  step  by  step  with 
their  occurrence,  the  electric  energy  needed  for  each  ensuing  reaction. 

Following  out  this  order  of  procedure,  the  cell  may  be  said  to  with- 
draw from  the  surrounding  medium  the  nutrient  materials  which  are 
adapted  to  the  different  parts  of  its  own  substance  by  its  proper 
affinity,  which  I  will  call  selective  electrolytic  poicer,  but  which  is 
merely  the  resultant  of  the  previous  electrical  condition  of  the  con- 
stituents concerned.  Tbe  dropping  out  of  tbe  one  constituent  neces- 
sarily incites  the  reentrance  of  another  precisely  similar  constituent. 
Thanks  to  the  continuity  of  the  rotational  change  going  on,  each 
particle  of  the  cell  passes  in  succession,  all  other  things  being  equal, 
through  the  same  phases  of  condition  with  that  which  has  preceded  it, 
IVom  tbe  moment  of  its  admission  to  the  substance  of  the  cell  up  to 
tbe  moment  when  it  becomes  separated  from  it.  Before  being  intro- 
duced into  the  substance  of  the  cell  the  atom  must  leave  the  virtual 
combination  in  which  it  was  held.  It  is  precisely  tbe  disappearance  of 
tbe  atom  which  precedes  that  furnislies  to  the  one  whicli  follows  it 
the  exact  amount  of  energy  required  to  effect  its  seleclire  clectrolyais 
or  its  liberation  from  the  state  of  virtual  combination.  Thus  we  shall 
have  concordaace,  referring  to  the  possibilities  of  ttie  case,  between 
what  the  one  lacks  in  order  to  leave  the  medium  and  enter  into  the 
substance  of  the  cell  and  that  which  the  other  provides  when  it  frees 
itself  from  tbe  combination  in  which  it  has  been  held  in  order  to 
engage  itself  in  one  more  powerful;  and,  on  the  whole,  quantitatively 
speaking,  there  will  be  a  certain  available  excess  of  energy  on  the 
latter  side.  It  follows  from  this  that  tbe  points  of  accretion,  howsoever 
distributed  as  to  position  in  tlie  protoplasm,  always  retain  their  iden- 
tity both  in  composition  and  structure;  and,  as  the  same  causes  every- 
where bring  about  the  same  effects,  the  whole  cell  must  reproduce 
itself  indefinitely  with  maintenance  of  its  identity  If  the  nutrient 
medium  remain  on  its  part  constant  in  character  and  the  process  of 
transformation  go  on.     -    •     - 

The  preceding  hasty  sketch  sufficiently  shows,  I  think,  that  it  is 

legitimate  to  compare,  as  I  have  done  at  the  outset,  the  mechanism  0*" 
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vital  activity  to  that  of  a  single  element  of  a  voltaic  battery-,  vrbvn 
once  we  recognize  in  the  living  cell  the  special  i>art  whicb  I  have 
assumed  it  to  play.     -    -     ■ 

I  believe  that  these  general  considerations  will  snffice  to  render  intel 
ligible,  and  in  a  provisional  way  to  Justify,  the  mode  in  which  I  con- 
ceive of  the  mechanismof  life,  with  the  aid  of  the  physical  and  chemicxl 
forces  of  nature  only,  and  without  invoking  any  mysterious  or  estta- 
iiatural  cause.    •    ■    ■ 

[The  remainder  of  M.  Solvay's  discourse  is  devoted  to  an  examina- 
tion of  the  phenoDiena  of  animal  growth,  reproduction,  evolation 
(luodiflcatiou  of  species),  and  psychical  activity,  in  the  light  of  the 
views  which  he  holds  and  advocates.  But  it  is  not  possible  to  present 
this  latter  part  of  the  discourse  in  intelligible  abstract  within  the  limits 
assigned,  and  reference  must  be  made  to  the  original  in  its  complete 
form. 

The  author  concludes  by  saying:  "I  await  now,  as  tho  result  of  the 
most  rigorous  course  of  ex])eriment  pursued  in  the  broadest  and  m<»t 
extensive  manner,  au  impartial  and  thorough  esamiaation  of  the  scheme 
which  has  been  the  subject  of  much  of  my  thought  for  so  many  years.** 

Any  one  interested  in  the  Hue  of  thought  and  of  research  suggested 
by  this  discourse  would  do  well  to  address  a  request  for  a  copy  of  the 
original  discourse  iit  extenso  to  'M.  Ernest  Solvay,  s^nateur,  43  Hue  des 
Chumps  Elyst'es,  Itruxelles,  Belgium. — J.  W.  M.j 
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Till-:  INFLUENCE  OF  CEUTAIX  AGENTS  IN  DESTROYING 
THE  VITALITY  OF  THE  TYPHOID  AND  OF  THE  COLON 
IJACILLUS. ' 


By  John  S.  Billings  and  Adelaide  Ward  Peckhah. 


During  the  last  year  a  series  of  researclies  upon  the  inflaence  of  light, 
of  desiccutioii,  ami  of  the  products  of  certain  micro-organisms  uiH>n  the 
vitality  of  some  of  the  pathogenic  bacteria  lias  been  carried  on  in  the 
laboratory  of  hygiene  of  the  University  of  Pennsylvania  by  Dr.  Adelaide 
W.  Peckham,  in  accordance  with  a  general  scheme  for  sacb  investiga- 
tioii  preparwl  by  Dr.  S,  Weir  Mitchell  and  Dr,  BUhngs,  the  director  of 
the  laboratory,  and  with  the  aid  of  a  grant  ttom  the  Bache  fund. 

That  direct  sunlight  kills  or  stops  the  growth  of  certain  bacteria  baa 
been  known  since  1877,  when  Dowues  and  Blunt  presented  to  the 
lloyal  Society  a  report  on  "  Reaeaiches  on  the  effect  of  light  upon  bac- 
teria and  other  organisms."'  Since  that  d!i>te  a  number  of  papers  on 
this  subject  have  been  published,  the  most  important  one  in  relation  to 
the  tyi)boid  bacillus  being  that  of  Janowski  in  1890.^  The  first  series  of 
exi)erimeiits  by  Dr.  I'eckham  was  made  with  the  staphylococcus  pyo- 
genes aureus,  the  object  being  mainly  to  determine  the  best  methods  of 
investigation. 

Photobacteriographs  were  ma<le  by  Bachner's  method,  namely,  by 
placing  a  square  of  black  paper,  or  of  glass  of  different  colors,  oiMu 
the  bottom  of  a  |)late  containing  inoculated  agar-agar  during  insola- 
tion; hut  although  the  protected  portion  was  visible  after  fifteen  min- 
utes' insolation  and  incubation  for  twenty-four  hours,  and  sharply 
defined  after  two  hours'  insolation  and  incubation  as  before,  no  accu- 
rate estimate  could  be  made  of  tlie  difference  in  the  destructive  power 
of  difi'erent  periods  of  insolation.  Successful  photobacteriography 
rcijuires  inoculation  of  large  quantities  of  bacteria,  in  order  that  the 
colonies  may  be  set  so  closely  together  that  a  ground-glass  appearance 


■[An  article  nudet  tbiH  title  I17  the  aame  aathors  was  prioted  iu  Science,  Feb- 
niarylS,  1895.  J 

=  Proc.  Roy.  Soc.  1877,  Vol.  XXVI,  page  488. 

'ZuT  Itiotosie  der  Typhus  Bacillen,  Centralbl.  f  Bftkteriol,  etc.,  VIII,  1890,  pag< 
167,193,230,262, 
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ia  produced,  in  wbich  case  couDtiug  of  tlie  colonies  is  practically 
impossible. 

For  this  reaaon  the  following  method  vas  used  for  each  of  the  three 
organisms,  tbe  staphylococcas  pyogenes  aureus,  the  bacillus  coli  com- 
munis, and  the  bacillus  typhi  abdominalis. 

To  obtain  an  accurate  measure  of  the  effects  produced  by  lights  of 
different  intensity  or  of  different  colors,  it  is  necessary  to  insure,  as  far 
aM  jiossible,  that  the  bacteria  to  be  experimented  on  shall  be  uniformly 
distributed  in  the  culture  media.  Tubes  containing  each  10  c.  c.  of 
bouillon  were  inoculated  with  one  drop  of  a  bouillon  ciiltuie  and  tlieu 
placed  in  an  incubator  for  twenty-four  hours.  A  small  quantity  of 
sterilized  gravel  was  then  added  to  the  culture  tube  and  it  was  thor- 
oughly shaken,  after  wbich  10  c.  c.  of  a  one-half  per  cent  salt  solution 
was  added  and  the  culture  drawn  into  a  Nuttall'a  dropping  apparatus. 
From  this  one-twentieth  of  1  c.  c.  of  the  bouillon  culture  was  dropped  into 
a  tube  of  melted  agar-agar,  which  was  slowly  and  thoroughly  agitated, 
and  tbe  contents  were  then  poured  into  a  Petri  disb,  carefully  leveled 
on  a  leveling  tripod  over  ice  water.  In  tbe  first  method  nsed  the  Petri 
dishes  were  found  to  be  so  uneven  on  the  bottom  that  the  layer  of 
medium  under  tbe  protective  square  was  often  very  tbick  or  very  thin 
as  compared  with  that  about  the  circumference  of  the  plate,  and  there- 
fore comparisons  made  between  tbe  center  and  tbe  circumference  would 
be  in  almost  every  case  unreliable.  To  overcome  this  difficulty  just 
one  half  of  the  plate  was  shaded  with  black  paper  or  colored  glass. 

The  plates  were  then  exposed  to  sunlight  bottom  upward,  so  as  to 
allow  the  sun  to  sbine  as  directly  as  possible  on  the  inoculated  agar- 
agar.  At  intervals  of  fifteen  minutes  a  plate  was  removed  and  placed 
in  the  incubator.  The  temperature  of  the  plates  during  insolation  was 
always  below  'M'^  C,  as  shown  by  a  thermometer  with  a  blackened 
bulb  which  was  placed  in  tbe  sun  and  the  temperature  noted  every 
fifteen  minutes.  Sunny,  still  days  were  utilized  for  insolation,  begin- 
ning at  10  a.  m.,  during  the  months  of  October,  November,  and  Decem- 
ber. After  insolation  the  plates,  and  also  a  uoniusolated  coutrol  plate, 
were  incubated  for  twenty-four  hours. 

The  colonies  were  counted  in  tbe  following  manner:  A  No.  1  eye- 
piece Wiis  divided  into  fields  (as  done  by  Nnttall  in  counting  tnbercle 
batulli)  by  introducing  a  disk  of  black  cardboard  which  had  a  s()aare 
opening  divided  into  four  parts  by  two  hairs  placed  at  right  angles. 
This  eyepiece  and  an  objective  of  low  power  were  used  in  counting. 
The  jiercentagc  of  germs  destroyeil  by  insolation  was  estimated  from 
the  mean  of  four  countt^  taken  ou  both  the  insolated  and  the  protected 
halves  of  the  plate.  By  this  method  an  accurate  statement  can  be 
ma<le  regarding  the  difference  in  protective  power  given  by  the  differ- 
ent colors,  not  from  simple  observation,  but  by  comparison  of  a  definite 
number  of  colonies  counted. 
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The  following  table  sfaowB  the  comparative  efl'ect  of  the  blue  raya 
and  of  complete  shadows  on  the  growth  of  the  organisms  experi- 
mented on: 
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From  this  series  of  experiments  the  following  results  wereobtained: 

Insolation  for  fifteen  minutes  destroys  to  a  slight  extent  each  of  the 
three  organisms  experimented  upon.  Two  hoars'  insolation  destroys 
98  per  cent  of  the  germs  and  from  three  to  six  hours  kills  all.  The 
colon  bacillus  is  more  easily  destroyed  by  insolation  than  is  the  typhoid 
bacillus.  Exposure  to  diffuse  daylight,  to  gaslight,  or  to  the  incandes- 
cent ele(^tric  light  produces  little  effect.  Red,  orange,  yellow,  and  green 
light  prodace  little  effect  daring  two  hours  insolation;  while  the  blue 
and  violet  rays  kill  nearly  as  rapidly  aud  as  certiiinty  as  full  sanlight. 
Insolation  from  six  to  eight  hours  lessens  the  number  of  colonies  under 
the  protective  square  to  a  slight  extent,  for  the  colors  red,  orange, 
yellow,  and  green. 

Plates  were  made  in  the  same  manner  and  exposed  to  diffused  light 
for  periods  varying  from  fifteen  minutes  to  two  days.  Tlie  exposure 
was  made  on  clear  sunny  days  in  the  light  part  of  a  room.  In  this 
experiment  the  resnlt  was  negative,  the  number  of  colonies  on  tlie  two 
sides  of  the  plate  being  approximately  the  same. 

An  ordinary  gas-burner  and  nn  incandescent  light  were  each  nsied  as 
the  source  of  illamination.  The  plates  were  placed  bottom  upward  in 
a  dark  room  near  the  liglit  used.  Illumination  for  sixteen  hours  with 
gaa  produced  no  effect  on  the  growth  of  the  organism  as  sbown  by 
counting  of  the  colonies. 

Illamination  for  four  and  one-half  hours  with  an  incandescent  light 
also  gave  negative  results. 

A  scries  of  experiments  was  made  with  tubes  of  bouillon  inoculated 
with  tbe  different  organisms  and  then  inclosed  in  larger  tubes  contaiu- 
ing  fluids  of  different  colors — red,orange,  yellow,  and  blue — which  were 
exposed  to  sunlight  with  control  tubes,  one  placed  in  water  and  the 
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other  iu  a  similar  tabe  covered  vith  black  paper.  The  materials  oseil 
for  inakiug  the  colored  solutious  were  corallin,  chromate  and  bichro- 
mate of  potassium,  and  methyleDe  bine.  From  these  tubeu  plates  were 
made,  and  the  uumber  of  colonies  counted. 

It  was  found  that  an  increase  in  the- uumber  of  colonies  continned  to 
the  eighteenth  day,  the  number  being  greater  in  the  colon  and  aureus 
cultures  than  in  the  typhoid.  The  colonies  then  began  to  decrease,  and 
on  the  flfty-eiglith  day  the  plates  contained  but  few  colonies.  In  this 
experiment,  as  iu  the  last,  plates  made  from  culture  tubes  placed  in 
blue  dnid  showed  fewer  colonies. 

Since  the  presentation  of  the  above  results,  with  details,  charts,  and 
tables,  to  the  Kational  Academy,  in  April,  1894,  Dr.  Dieudouue  has 
published,  in  the  Arbeiten  aus  dem  Eaiserlicben  Gesnodheitsamte,  a 
paper  oil  the  effects  of  sunlight  on  bacteria,  io  which  he  rtii>orts  results 
substantially  the  same,  and  obtained  by  almost  the  same  methods  as 
those  of  Dr.  Peckham. 

Sunlight  not  only  weakens  or  kills  the  typhoid  and  tbe  colon  ba<-illu8, 
but  it  aflects  culture  media  so  as  to  render  them  less  capable  of  sup- 
porting the  growth  of  these  organisms.  Dr.  Peckham  found  that 
sterile  bouillon  insolated  from  one  to  ten  days  and  then  inoculated  with 
the  bacillus  typhi  abdominalis  allowed  no  diminution  in  the  number  of 
colonies  as  compared  with  a  control  plate  made  from  a  similar  culture 
not  so  exposed.  Twenty  days  insolation  and  then  inoculation  with  the 
typhoid  bacillus  showed  great  decrease  in  the  number  of  colonies  on 
all  the  plates;  some  of  them  were  sterile.  Insolation  of  forty  days, 
and  inoculation  in  the  same  mauner,  gave  very  few  colonies  for  each 
plate,  probably  the  same  as  the  number  of  germs  introduced — i.  e.,  there 
hud  been  no  development.  Bouillon  insolated  fifty  to  sixty  days  and 
inoculated  gave  sterile  tubes.  This  insolated  bouillon  after  inoculation 
and  incubation  remained  perfectly  clear,  and  plates  made  aft«r  a  week 
of  incubation  gave  no  more  colonies  than  those  made  at  the  end  of 
twenty-four  hours.     Its  reaction  was  alkaline,  but  not  intensely  so. 

Jmolaied  agar-agar, — Of  twenty-three  tubes  of  agar-agar  insolat*^ 
twenty  days  and  then  inoculated  with  the  bacillus  typhi  abdominalis, 
all  except  line  remained  sterile,  and  neither  the  bacillus  typhi  abdom- 
inalis nor  the  bacillus  <;oli  communis  grew  when  inoculated  in  stripes  ou 
these  plates.  Of  seven  tubes  of  agar-agar  insolated  forty  days  and 
then  inoculated  witli  the  bacillus  of  typhoid,  all  remained  sterile.  On 
four  of  these  plates  mold  appeared  after  some  days.  Of  seven  tubes 
of  agar-agar  insolated  forty  days  and  then  inoculated  and  incubated  as 
before,  all  remained  sterile. 

Insolated  gelatin. — Of  ten  gelatin  tubes  insolated  forty  days  and  then 
inoculated  with  the  bacillus  typhi  abdominalis,  six  reniaine<l  sterile,  two 
cont;uned  a  few  colonies  of  bacillus  typhi  abdominalis,  and  two  were 
coutamloated. 
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The  iiisolated  bouillon  was  then  kept  in  diffuse  daylight  for  forty 
days  and  again  inoculated  with  the  typhoid  bacillna.  Witliiu  twenty- 
fonr  hours  tlio  tubes  of  bouillon  became  turbid  and  plates  made  from 
tbeni  showe<l  inuamerahlG  colonies. 

It  i»  diflieuit  to  af<»unt  for  the  effect  of  insolation  on  culture  media. 
Uonx  ill  his  experiinnnts  on  anthrax  found  that  insolation  of  bonillon 
for  two  or  three  hours  rendered  it  unsuitable  for  germination  of  the 
sjmres,  but  if  the  bacilli  were  introduced  they  would  thrive.  Ue  attrib- 
utes this  alt«rHtton  to  some  chemical  change  which  the  culture  media 
undergo  during  the  insolation.  He  found  utso  that  if  the  insolated 
media  were  kept  in  the  dark  or  in  diffn^ie  daylight  for  a  time,  the  orig- 
inal nutritive  qualities  were  restored  and  germination  of  spores  would 
take  place.  Geisler  and  Janowaki  observed  the  bactericidal  )>ropertic8 
of  insolated  media,  but  the  latter  could  find  no  chemical  alteration  in 
such  media. 

Percy  Frank  land  in  hie  chapter  on  action  of  light  on  micro-organisms* 
concludes  from  the  results  obtained  by  many  investigators  "that  the 
effect  is  due  to  a  process  of  ostdation  jmssibly  brought  about  through 
the  agency  of  ozone  or  peroxide  of  hydrogen,  or  both;  that  all  appar- 
ently direct  low  temperature  oxidations  require  the  presence  of  water. 
And  inasmuch  as  the  bactericidal  action  of  light  is  unquestionably  a 
case  of  low  temperature  oxidation,  there  is  the  strongest  presumptive 
evidence,  as  well  as  weighty  experimental  evidence,  that  moisture, 
which  practically  means  the  possibility  of  the  presence  of  peroxide  of 
hydrogen,  or  of  some  similar  material,  is  essential  for  its  manifesta- 
tion."^ Westbrook^  found  that  old  broth  cultures  of  the  tetanus  bacil- 
lus in  an  atmosphere  of  hydrogen  were  not  in  the  least  affected  by 
exposure  to  sunlight,  either  in  regard  to  their  virulence  or  their  rapid- 
ity of  growth  OD  reinoculation. 

When  the  same  culture  was  sealed  up  in  the  presence  of  air  the 
micro-organisms  were  not  only  killed,  but  the  material  was  completely 
harmless  when  inoculated  into  white  mice.  It  was  however,  itossible 
to  obtain  vigorous  and  virulent  growths  ftom  cultures  which  had  been 
made  quite  innocuous  by  the  action  of  the  sun.  Oxygen  was  used  up 
in  the  process.  Under  onlinary  circumstances  one  might  be  tempted 
to  explain  the  effect  of  sunlight  in  destroying  bacteria  by  the  drying  of 
the  organisms  exposed  to  it.  especially  in  the  case  of  those  bacteria 
which  do  not  form  spores,  but  onr  experiments  show  that  desiccation 

'Mirro-orgaDisniB  in  wstor,  page  890. 

'Gelatin,  to  which  vrere  otliled  difTerent  amoiinta  of  the  pi^roxiilo  of  hydrogea,  wan 
iiiocnlat«d  with  the  bacillns  typhi  nbdominalis  anil  jiDiti-eit  into  platea.  Those 
plaleH  in  which  more  than  one  pwt  nf  the  peroxide  to  .''>,000  uf  gelatin  vua  used 

^  Soino  of  the  eflecta  iif  unnlight  on  tetanne  cultures.  Jour,  of  Pathol,  and  Uocteriol., 
Ill,  Nov.,  1SU4,  pugeTl. 
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for  months  lias  little  effect  on  tbe  vitality  of  the  typhoid  or  of  the 
eoloii  bacillus.  To  determine  the  influence  of  desiccation  upon  theae 
orgnnisms,  and  also  upon  the  staphylococcus  aureus,  the  following 
experiments  were  made: 

Bouillon  cultures  of  the  bacillus  typhi  abdomiualis,  the  bacillus  coli 
communis,  and  the  staphylococcus  aureus  were  roughly  dried  on  tlireadx 
1  CHI.  long  and  then  desiccated,  a  portion  being  placed  in  a  vacnnm, 
another  portion  iu  a  desiccator  over  sulphuric  acid,  and  a  third  in  » 
closet;  all  were  kept  in  the  dark.  The  result  of  the  desiccation  under 
tlie  three  different  conditions  is  as  follows: 

Bacillus  typhi  abdominalia. — Lived  in  a  vacuum  from  December  30 
until  July  2J,  or  207  days;  in  a  desiccator  over  sulphuric  add  from 
January  i  until  July  2^,  or  213  days;  iu  a  closet  from  December  18 
until  July  24,  or  22&  days. 

Bacillus  coli  communvi, — Lived  in  a  vacnum  from  November  29  unlil 
May  30,  or  183  days;  iu  a  desiccator  over  sulphuric  acid  from  January 
3  until  July  24,  or  213  days;  iu  a  closet  from  December  30  until  May  30, 
or  152  days, 

Staphylococcus  aureus. — Lived  in  a  vacnum  from  November  29  until 
July  24,  or  207  days ;  in  a  desiccator  over  sulphuric  acid  from  October 
25  until  April  19,  or  178  days;  in  a  closet  from  February  13  until 
July  2i,  or  1«2  days. 

It  will  be  seen  from  these  experiments  that  the  organisms  esperi- 
mented  on  endure  desiccation  for  five  months,  or  more,  without  losing 
their  vitality,  and  hence  the  slight  evaporation  which  may  have 
occurred  in  tbe  insolation  experiments  had  probably  no  inHueoce  on 
the  results. 

It  is  evident  that  sunshine  must  exercise  considerable  influence  in 
destroying  bacteria  on  the  surface  of  soil,  streets,  etc.,  exposed  to  its 
influence,  but  its  action  is  almost  confined  to  the  surface,  as  api>ears 
from  tbe  results  obtained  by  Esmarch  in  attempts  to  disinfect  betiding 
and  clothing  by  this  agency.  While  the  light  from  an  incandescent 
electric  lamp  has  little  germicidal  effect,  that  from  a  powerful  arc  lamp 
produces  effects  similar  to  those  of  sunlight,  and  it  has  been  proposal 
to  use  this  means  to  disinfect  the  walls  of  infected  rooms.  The  bacillus 
of  tuberculosis  appears  to  be  more  quickly  destroyed  by  light  than  the 
typhoid  or  the  colon  bacillus,  being  killed  by  exposure  to  simple  diffuHe<l 
daylight  in  about  a  week,'  and  this  fact  should  be  borne  in  mind  iu 
advising  measures  to  prevent  the  diffusion  of  this  organism. 

The  investigations  upon  the  typhoid  and  the  colon  bacilli  referred 
to  iu  this  paper  were  undertaken  as  part  of  a  general  scheme  of  inquiry 
to  ascertain  the  agencies  which  tend  to  destroy  the  typhoid  bacillus 
when  it  is  introduced  into  a  source  of  water  supply,  as,  for  example, 
into  a  running  stream.    An  important  part  of  this  investigation  relates 

■I'GberbiicteTiuloKUcheFnrschnng;  VortragindereratUD  allgem.     SJtzung  desX. 

'tcTnntloDnlen  Cougrew,  lti90. 
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to  tbc  itiUneiice  of  the  commoD  water  bacteria  or  of  their  prodncts 
apou  the  vitality  of  the  typhoid  bacillus. 

A  research  relating  to  the  iufluence  of  the  common  water  bacteria  or 
of  their  prodncts  upon  thevitality  of  the  typhoid  and  coloD  bacilli  was 
then  undertaken.  Three  Berios  of  exx)eriinents  were  made,  the  flrat  to 
ascertain  whether  the  typhoid  and  colon  bacilli  would  grow  on  media 
containing  the  pro<]uctK  of  growth  of  the  water  bacteria;  the  second  to 
verify  the  first,  to  meet  any  objection  that  might  be  raised  as  to  the 
sterilization  by  beat  of  the  mcdinm  in  wbicU  the  water  organisms  had 
grown,  as  the  opinion  has  been  ulvanced  that  some  prodncts  of  the 
activity  of  bacteria  are  either  volatile  or  rendered  inert  by  high  tem- 
peratures. The  third  osperiment  was  made  to  find  whether  the  two 
organisms  would  grow  with  the  water  bacteria.  These  series  of  es[)eri- 
ments  were  conducted  in  the  following  manner: 

(1)  Forty- four  varieties  of  bacteria  obtained  from  the  water  of  the 
Scliuylkill  River  were  used  in  the  first  experiment.  A  pure  culture  of 
each  organism  was  inoculated  upon  shinted  tubes  of  agar-agar  and 
allowed  to  attain  a  luxuriant  growth.  The  tubes  were  then  thoroughly 
sterilized  in  the  steam  sterilizer,  the  reaction  was  takeu,  and  the 
medium  was  again  slanted.  A  set  of  these  tubes  was  then  inoculated 
with  the  bacillus  typlii  abdominalis,  and  a  second  sot  with  the  bacillus 
coli  communis.  As  a  result  of  this  research  it  was  found  that  the 
typhoid  and  colon  bacilli  grew  nimn  these  tubes  in  every  instance,  the 
growths  varying  in  thriftinesa  from  Insuriant  ones  on  some  tubes  to 
transparent  films  on  others. 

(2)  In  the  second  series  which  were  made  to  verify  tbc  first — that  is, 
to  find  whether  the  prmlucts  of  the  a^-tivity  of  water  bacteria  in  the 
medium  used  would  retard  or  prevent  the  growth  of  the  typhoid  and 
colon  bacilli — the  water  bacteria  were  inoculated  into  Erlennieyer  flasks 
of  bouillon,  each  containing  70  c.  c,  and  placed  in  the  incubiitor.  After 
being  incubated  from  fifteen  to  twenty  days  the  cultures  were  filtered 
through  i>orcelain,  the  reaction  was  taken,  and  the  filtrate  was  run  into 
sterilized  tubes.  Two  sets  were  made  as  before  and  inoculated  with 
the  typhoid  and  the  colon  bHcilli,  restiectively.  These  tubes  were  then 
incubated  for  twentyfonr  hours,  and  from  them  gelatin  tubes  were 
inoculated  and  ix>nred  into  Petri  plates.  In  each  of  these  inoculated 
filtrates  the  two  organisms  grew  in  a  characteristic  manner  and  multi- 
plied for  at  least  four  days. 

(3)  In  the  third  experiment  thirty-nine  varieties  of  the  water  biteteria 
were  inoculatal  into  tubes,  each  containing  10  c.  c,  of  sterilized  tap 
water  and  5  drops  of  sterilized  bouillon.  Two  sets  of  tnbes  were  made 
as  before,  and  eai;h  set  inoculated  with  one  of  the  organisms  which  was 
being  tested,  and  each  tube  contained  a  different  variety  of  water  bac- 
teria. From  these  tubes  gelatin  plates  were  mode  eacli  day  for  more 
than  twelve  days.  Both  bacilli  gave  characteristic  colonies  with  ea<;li  of 
the  water  organisms  except  two,  which  had  apparently  an  antagonistic 
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effect  upon  their  deTclopmeiit.  Tliey  were  both  members  of  the  jsnb- 
tihs  grou{>.  lu  other  members  of  this  group  this  peculiarity  was  absent. 
The  typhoid  bacillus  in  several  iostances  ontlived  its  associate  crgaDisni. 
Jn  one  iuHtauce  a  gelatin  plate  made  from  a  tube  of  sterilized  bwnilloo 
inoculated  with  the  typhoid  bacillus  and  a  water  bacterium  one  handml 
and  sixty  day^  previously,  gave  characteristic  colonies  of  the  bacillua 
typhi  abdominalis. 


MODERN   DEVELOPMENTS   OF   HARVEV'S   WORK   IN  THE 
TREATMENT  OP  DISEASES  OF  THE  HEART  AND  CIKUU- 

I.AT10N.' 

By  Dr.  T.  Laudkr  Beunton,  F.  B.  S. 


This  annnal  meeting  in  memory  of  Harvey  is  usually  associated  with 
feelings  of  pleasure  aud  happiness,  for  it  was  intended  by  its  immortal 
founder  to  commemorate  the  benefactora  of  the  college  aud  to  encourage 
good  fellowship  among  us. 

Such  commemoration  of  those  who  have  benefited  the  college  in  the 
past,  although  it  necessarily  recalls  many  who  have  passed  away,  is, 
notwithstanding,  on  ordinary  occasions,  pleasant  instead  of  painful, 
because  the  feeling  of  loss  through  their  death  is  completely  over- 
powered by  the  recollection  of  the  good  tliey  have  done  in  their  lifetime. 
Today  the  case  is  very  difi'ereut,  for  the  first  thought  tLat  must  needs 
occur  to  everyone  present  here  is  that  on  this  occasion  last  year  our 
late  president  allowed  for  the  first  time  what  seemed  to  be  imperfect 
fulfillment  of  his  duty  to  the  college  bj  being  late  in  his  attendance  at 
the  meeting.  I'erhaps  nothing  else  could  have  shown  more  clearly  his 
deep  concern  for  the  welfare  of  the  college  aud  his  thorough  devotion 
of  every  faculty  of  mind  and  body  to  its  interests  than  the  fact  that 
no  duty,  no  pleasure,  an<l  no  press  of  occupation  could  tempt  him  to 
leave  one  iota  of  his  work  in  the  college  undone.  The  only  thing  that 
did  ke«p  bim  back  was  the  hand  of  death,  which,  although  at  the  last 
meeting  he  and  we  knew  it  not,  was  already  laid  upon  him.  Though 
his  death  was  less  happy  than  that  of  the  great  Harvey,  inasmuch  as 
be  lingered  on  tor  days  instead  of  hours  after  he  was  fir.st  struck  down, 
yet  their  deaths  were  alike  in  this  respect  that,  up  to  the  time  of  the 
fatal  attack,  each  was  in  the  full  [wssession  of  his  faculties,  each  was 
in  the  enjoyment  of  his  life.  Like  RadclifTe  and  Mead,  Hke  Ilalford 
and  Baillje,  and  like  many  other  distinguished  fellows  of  this  college, 
the  greatness  of  Clark  is  to  be  eatimate<I  not  by  the  jmhlished  works 
which  he  has  left  behind  but  by  the  influence  he  exerted  on  his  con- 


■ThHRTTeiMi  oration,  ilelivoreil  at  the  Koyal  Cotlejie  o{  rlifHici.iiix  on  OuIoIkt 
kto  Dr.  T.  Lauder  liruutoo,  F.  R.  S,     I'riated  iu  Nature,  No.  1304,  Vol.  L, 
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temimraries.  For  the  very  estimatioD  ia  which  bis  professional  skill 
waB  belli  led  to  his  whole  time  bein^  taken  up  in  giving  advice  and 
preTCUted  him  from  having  the  leisure  to  work  out  or  record  the  results 
of  the  pathological  and  clinical  observations  which  botb  his  youthful 
publications  and  his  later  career  showed  him  to  be  specially  fitted  to 
make.  I  might  say  very  macli  more  about  him,  but  it  has  alrea^ly  been 
said  mucli  better  than  I  could  possiblydo  it  by  yourself,  Mr.  PresiilenI, 
in  your  anninil  address  and  in  the  eloquent  and  heart-stirriug  words 
which  yon  addressed  to  the  college  ou  the  occasion  of  your  taking  the 
presidential  chair  rendered  vacant  by  the  death  of  Sir  Andrew  Clark. 

But  while  we  were  saddened  today  by  the  death  of  our  late  presi- 
dent we  ho[>e  to  be  gladdened  by  the  preseoce  among  us  agaiii  of  one 
whom  we  all  reverence  not  only  as  a  former  x^resident  of  this  college, 
but  as  one  of  the  greatest  leaders  of  clinical  medicine  in  this  century, 
Sir  William  Jenuer.  Like  Ilarvey,  Sir  William  Jenuer  is  honored  by 
bis  college,  by  his  country,  by  bis  sovereign,  and  by  the  world  at 
large.  In  times  of  trial  and  danger  the  lives  of  the  royal  children 
were  committed  to  the  keeping  of  Harvey  by  his  kiog,  and  to-day  the 
care  not  only  of  her  own  life  but  of  that  of  her  nearest  and  dearest  is 
committed  to  Sir  William  Jenner  by  his  sovereign  in  the  full  and  well- 
grounded  assurance  that  in  no  other  hands  conid  they  be  more  saffe 
The  great  clinician,  Graves,  wished  to  have  as  his  epitaph,  "He  fed 
fevers;"  but  Jenner  has  advanced  much. beyond  Graves,  and  by  show- 
ing us  how  to  feed  the  dill'erent  kinds  of  fevers  has  saved  thousandN 
of  valuable  lives.  To-day  this  college  is  acknowledging  his  right  to 
rank  with  Sydenham,  Heberden,  Bright,  and  Garrod  by  bestowing 
upon  bim  the  Moxon  medal  for  clinical  research.  In  numbering  Sir 
William  among  its  medalists  the  college  honors  itself  as  well  as  bim, 
and  in  acknowledging  the  great,  services  be  has  rendere<1,  it  ia,  on  this 
occasion,  acting  as  the  mouthpiece  of  the  medical  profession  not  only 
in  this  country,  but  in  the  world  at  large. 

It  was  with  the  wish  to  keep  green  the  memory  of  tlie  benefactors  of 
the  college  that  tbis  oration  was  instituted  by  Harvey,  and  not  at  all  with 
the  intention  that  it  should  be  devoted  to  bis  own  praise.  But  Harvey 
stands  out  so  high  above  all  others  that  it  is  only  natural  that  in  the 
numerous  orations  which  have  been  yearly  given  before  the  College  of 
Physicians,  the  Mibject- matter  should  have  been  to  a  great  extentcon- 
fined  to  a  consideration  of  Harvey  and  his  works.  On  looking  over 
many  of  these  orations  I  find  that  everything  I  could  say  about  Har- 
vey— his  person,  his  circumstances,  his  character,  and  his  works — has 
already  been  said  so  fully  and  eloquently  that  I  could  not  add  to  it  any- 
thing further,  nor  (.■onld  I  hope  to  express  it  eveu  so  well.  I  puqwse, 
therefore,  to  consider  b>-day  some  of  the  modern  developments  of  Har- 
vey's work,  more  especially  in  relatioti  to  the  treatment  of  diseases  of 
the  heart  and  circulation.  There  is,  I  think,  a  certain  advantage  in 
this  also,  inasmuch  as  one  is  apt  by  considering  Harvey's  work  only  as    ^ 
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he  left  it  to  overlook  tlie  enormous  extent  to  wbich  it  now  influences 
oar  tboughta  and  actions,  and  thus  to  comprehend  its  value  very 
imperfectly. 

As  he  himself  saya,  "  From  a  small  seed  springs  a  mighty  tree ;  from 
the  minute  gemmule  or  ajiex  of  the  acorn,  bow  wide  does  the  gnarled 
oak  at  length  extend  his  arms,  how  loftily  does  he  lift  his  branches  to 
tbu  sky,  bow  deeply  do  his  roots  strike  dowu  into  the  ground  I " ' 

How  very  minute  is  the  gemmule  from  which  has  sprung  everything 
that  is  definite  in  medical  scieii(;e,  for  this  gemmule  is  no  other  than  the 
idea  which  Harvey  records  in  tboae  simple  words,  "  I  began  to  think 
whether  there  might  not  he  motion,  as  it  were,  in  a  circle." 

Out  of  this  idea  has  grown  all  our  knowledge  of  the  processes  of 
human  life  in  health  and  disease,  of  the  signs  and  symptoms  wbich 
indicate  disease,  of  the  mode  of  a<^tion  of  the  drugs  and  appliances 
which  we  use  and  the  proper  means  of  employing  them  in  the  cure  of 
disease.  In  the  works  that  have  comedown  to  us  we  find  that  Harvey 
developed  his  idea  physiologically  in  several  directions.  He  discussed 
it8  application  to  tlie  absorption  and  distribution  of  nourishment 
through  the  body,  tbe  mixing  of  blood  from  various  parts,  the  main- 
tenance and  distribution  of  animal  boat,  and  excretion  tbmugb  tbe 
kidneys.  How  far  he  developed  it  in  the  direction  of  pathology  and - 
tberapeutics  wo  do  not  know,  as  the  results  of  his  labors  on  tbese  sub- 
jects have,  unfortunately,  been  lost  to  us  by  the  destructioo  of  bis 
manuscripts  during  the  civil  war. 

We  are  proud  to  reckon  Uarvey  as  an  Englishman  by  birtli,  but  he 
is  far  too  great  to  belong  exclusively  to  any  country;  men  of  various 
nations  and  scattered  all  over  the  face  of  the  earth  acknowledge  bim  as 
their  teacher,  and  have  played,  or  are  playing,  a  part  in  developing  bis 
discovery  in  its  various  branches  of  physiology,  pathology,  pbarma- 
cology,  semeiology,  and  therapeutics.  Americans,  Anstriaus,  Danes, 
Dntohmen,  Frenchmen,  Germans,  Italians,  Norwegians,  Russians,  and 
Swedes  have  ail  shared  in  the  work,  and  so  numerous  are  tbey  that  it 
would  be  impossible  for  me  to  name  them  all.  Stephen  Hales,  how- 
ever, deserves  special  mention,  for  he  was  the  first  to  measure  the  pres- 
sure of  blood  in  the  arteries,  aiid  the  resistance  offered  to  the  circnla- 
tiou  of  the  blood  by  the  capillaries  was  investigated  by  TLomas  Young, 
a  fellow  of  this  college,  who  ranks  with  Harvey,  Newton,  and  Darwiu 
as  one  of  the  greatest  scientific  men  that  England  has  ever  produced, 
and  whose  undnlatory  theory  has  been  as  fertile  of  results  in  physics 
as  Harvey's  idea  of  circulation  has  been  in  physiology  and  medicine. 

Harvey's  desire  that  those  who  had  done  good  work  should  not  be 
forgotten  was  founded  upon  bis  knowledge  of  mankind,  and  of  tbe  tend- 
ency there  is  to  forget  what  has  already  been  doue  by  those  who  have 
gone  before  us.  Tbe  opposite  condition  often  prevails,  and  tbe  past  is 
glorified  at  the  expense  of  the  present.    But  sometimes  tbe  present  is 

■Tbe  Workd  of  W.  Ilarvejr,  Sydenham  Sooioty'B  edition,  page  320.  , 

ogle 


462  MODERN  DEVELOPMENTS  OP  HARVET's   WOKK. 

wrongly  glorifled  iit  tlie  exjieDae  uf  tbe  past,  aud  past  vork  or  past 
benefits  are  forgotten . 

Good  examples  of  this  are  afforded  by  physiological  views  regarding 
the  action  of  the  vena  cava  aud  pulmonary  veins  and  the  causation  of 
tlie  cardiac  sounds.  Harvey  api>ear3  to  have  thought  that  the  vena 
cava  aud  pulmonary  veins  were  simply  dilated  passively  by  the  jias- 
sage  of  blood  into  them;  but  the  fact  that  tbeypossessa  power  ofinde- 
]ieudent  pulsatiou  was  known  to  HaUer,'  and  was  brought  prominently 
forwanl  by  Senac,^  who  regards  the  vena  cava  as  the  starting  point  of 
the  whole  circulation.  He  says:  "Ibe  veiia  cava  is  therefore  the  first 
motor  cause  which  dilates  the  cavities  of  the  heart;  it  fills  the  auricles, 
and  extends  their  walls  in  every  direction." 

These  observations  appear  to  have  been  almost  forgotten  until  they 
were  again  made  indei)endently  a  few  years  ago,^  and  in'  one  of  th6 
latest  and  most  accurate  physiological  treatises  which  now  exist  the 
description  of  the  cardiac  cycle  is  nearly  the  same  as  that  given  by 
Senac.  "A  complete  beat  of  the  whole  heart,  or  cardiac  cycle,  may  be 
observed  to  take  place  as  follows: 

"  The  great  veins,  inferior  and  superior  venie  cavie,  and  pulmonary 
veins  are  seen,  while  full  of  blood,  to  contract  in  the  neighborhood  of 
the  heart;  the  contraction  runs  in  a  i)eri8taltic  wave  toward  the  auri- 
cles, increasing  lu  intensity  as  it  goes."* 

The  pulsation  of  these  veins,  however,  can  not  be  a  constant  phe- 
nomenon, or  it  would  have  been  noticed  by  such  a  keen  observer  as 
Harvey. 

The  sounds  of  the  heart  were  discovered  by  Harvey,  or  at  least  were 
known  to  him,  fur  he  speaks  of  the  sound  caused  iu  the  esophagus  of 
the  horse  by  driuking, and  says:  "In  the  same  way  it  is  with  each 
motion  of  the  heart,  when  there  is  a  delivery  of  blood  frora  the  veins 
to  the  arteries,  that  a  ]>ulse  takes  place  and  can  be  heard  within  the 
chest."  This  observation  remained,  as  far  as  we  know,  without  any 
further  development  until  the  time  of  Laennec,  who  introduced  the 
practice  of  anscultation ;  bat  it  was  a  fellow  of  this  college.  Dr.  Wol- 
laston,^  who  first  discovered  that  tiie  muscles  during  contraction  give 
out  a  sound;  and  although  many  observations  were  made  regarding 
cardiac  murmurs  by  Corrigau,  Bouillaud,  and  Piorry,  it  was  chiefly  by 
fellows  of  this  college,  Dr.  Clendinning,  Dr.  <J,  J.  B,  Williams,  and  Dr. 
Todd,  that  the  (|ucstion  was  finally  settled,  and  the  conclusions  at  which 
they  arrived  aie  those  now  accepted  as  correct,  viz,  that  "  the  first  or 
systolic  sound  is  essentially  caused  by  the  sudden  aud  forcible  tight- 
ening of  the  muscular  fibers  of  the  veutricle  wheu  they  contract;  and 
that  the  second  sound  which  accompanies  the  diastole  of  the  ventricle 

'  Holler.  Elementa  Pbf  siologin',  1T5T,  Toiue  I,  psgeH  410  and  399. 
"Scnac.  De  la  Stnictuto  <Iu  Cutui,  Livre  IV,  Chapter  Itl,  page  24. 
»rroc.  Roy.  Soo.,  1876,  No.  172. 

•M.  KuBtvr.    Text-book  of  Fbjsiologj,  Gth  ed.,  I'art  I,  Chaptw  IV,  page  331. 
»WollMton.     Phil.  Truna.,  1810,  page  2.  C    OOqIc 
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depends  solely  on  the  reaction  of  the  arterial  columns  of  blood  in  the 
semilunar  valves  at  the  arterial  oriflcea."' 

Yet  in  recent  discussions  regarding  the  origin  of  cartliac  sounds  little 
mention  has  been  made  of  tlie  work  of  this  committee;  nnd,  indeed,  I 
first  learned  of  the  value  of  the  work  from  a  German  source,  Wagner's 
Handworterbuch  der  PhyBiologie. 

The  importance  of  these  observations  in  the  diagnosis  of  heart  dis- 
ease it  would  be  hard  to  overestimate.  Hat  diagnosis  alone  is  not  the 
aim  of  the  physician,  whose  object  must  be  to  ]>revciit,  to  cure,  or  to 
control  disease.  A  knowledge  of  phywiology  may  greatly  heljt  us  to 
prevent  disease,  not  only  of  the  heart  and  vessels,  but  of  every  member 
of  the  body.  The  control  and  cure  of  diseiise  may  also  be  effected  by 
diet  and  regimen,  but  it  is  undoubtedly  in  many  cases  greatly  assisted 
by  the  use  of  drugs,  and  is  sometimes  impossible  without  them;  Har- 
vey knew  that  dnigs  applied  externally  arc  absorbed  and  act  on  the 
body,'  so  that  colocyuth  thus  applied  will  purge  and  cantharides  will 
excite  the  nrine;  but  the  action  of  drugs  when  injected  into  the  blood 
appears  to  have  been  tried  first  by  Christopher  Wren,  better  known  as 
the  architect  of  St.  Paul's  than  as  a  pharmacologist.  According  to 
Bishop  Spratt, "  He  was  the  first  author  of  the  noble  anatomical  experi- 
ment of  injecting  liqours  into  the  veins  of  animals,  an  experiment  now 
vulgarly  known,  but  long  since  exhibited  to  the  meetings  at  Oxford, 
and  thence  carried  by  some  Gennans  and  published  abroad.  By  this 
operation  divers  creatures  were  immediatoty  purged,  vomited,  intoxi- 
cated, killed,  or  revived,  according  to  the  <]Uiility  of  the  liquor  injected. 
Hence  arose  many  new  experiments,  and  chiedy  that  of  transfusing 
blood,  which  the  society  has  prosecuted  in  sundry  instances,  that  will 
probably  end  in  extraordinary  success,"^ 

The  method  originated  by  Wren,  of  injecting  drugs  into  the  circula- 
tion, was  skillfully  utilized  by  Magendie  for  the  purpose  of  localizing 
the  particular  part  of  the  body  ui>on  which  the  drugs  exerted  their 
action,  and  he  thus  conclusively  proved  that  the  symptoms  ])ro<luced 
by  strychnine  were  due  to  its  effect  on  the  spinal  cord.  His  exjieri- 
ments  showed  that  the  rate  of  absorption  from  various  parts  of  the 
body  varied  enormously,  nnd,  through  the  teaching  of  Christison,  led 
to  the  introduction  into  practice  by  Dr.  Alexander  Wood  of  that  most 
nsefal  aid  to  modern  therapeutics,  the  hypodermic  syringe. 

The  first  quantitative  experiments  on  the  efi'cctof  drugs  upon  the 
circulation  were  made,  to  the  best  of  my  knowledge,  by  Janies  Blake, 
in  1844,  in  the  laboratory  of  University  College,  at  the  suggestion  of 
the  late  Professor  Sharpey,  with  the  hemadynamometer  of  Poiseuille, 
which  had  then  been  recently  introduced. 

'  Report  of  committee  consistiug  of  C.  J.  B,  Williams,  R.  I!.  Todd,  spd  John  Clen- 
dinning,  "Brit.ABBoc.  Rep.  for  1 836,"  page  15;). 

•The  Works  of  William  Harvey,  Sydeubam  Society  edition,  pftge  72. 

*The  HlHtory  of  the  Royal  Society  of  London  for  tlip  Improving  of  N'atar 
Knowledge,  by  Thomae  Spratt,  Into  lopl  lii,8lio^  of  Uoclioster.  t    OOqIc 
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lu  Speaking  about  tbe  vork  of  Blake  and  Sharpey,  who  are  botli 
dead,  one  requires  to  use  the  greatest  care  not  to  unduly  detract  from 
the  merit  of  one  by  asuribing  more  t»  the  other;  bat  those  who  knew 
Professor  Stiarpey's  enormous  range  of  knowledge,  his  readiness  to  pat 
it  all  at  tlie  disposal  of  others,  and  the  inflaence  he  exerted  upon  all 
who  came  in  contact  with  him,  as  well  as  his  unselfishness  in  making 
no  claim  whatever  to  what  was  justly  his  due,  will  at  once  recognize 
Dow  greutly  Blake  was  indebted  to  Sharpey.  More  especially  is  Ibis 
the  case  when  we  consider  that,  although  the  credit  for  the  observa- 
tions themselves  belongs  to  Blake,  yet  after  the imi>etos  which  Shar|iey 
gave  him  had  passed  away,  he  did  very  little  more  during  the  course 
of  a  long  life.  It  seems  all  the  more  necessary  to  commemorate  Sharpey 
on  this  occasion,  because  lie  has  left  comparatively  few  writings  behind 
him,  and  anyone  who  should  judge  by  them  alone  of  bis  inflaence  upon 
physiological  progress  in  this  country  would  grievously  anderestimate 
it;  fur  Bhiirpey  was  above  all  a  teacher,  and  liis  work  was  written  not 
with  iicii  an<l  ink  on  paper  or  parchment,  but  was  engraved  apon  the 
he^irts  and  minds  of  his  pupils  and  friends.  Upon  two  of  these,  espe- 
cially,hasSharpey'smant1efallen,  and  to  Burdon-Sandersonand  Michael 
Foster  we  owe  a  revival  of  experimental  physiology  in  this  country,  a 
revival  of  the  method  which  Harvey  not  only  used  in  making  his  great 
discovery,  but  also  employed  to  demonstrate  the  truth  of  it  to  the  rulers 
of  this  land.  By  their  writings,  by  their  lectures,  by  their  original 
experiments,  by  their  demonstrations,  and  by  the  pupils  they  have 
trained,  Burdon-Sanderson  and  Michael  Foster,  under  the  aus|>ices  of 
Aclnnd  and  Ifumphrey,  have  difi'used  among  the  medical  men  of  this 
country  a  knowledge  of  physiology  so  extensive  and  exact  as  could 
only  be  found  before  their  time  among  those  who  had  made  a  special 
study  of  the  subject.  Yet  more  than  to  them,  more  than  to  anyone 
else  since  the  time  of  Harvey,  do  we  owe  our  present  knowledge  of  the 
circulation  to  Carl  Ludwig.  Pie  it  is  who  first  enabled  the  pressure  of 
blood  in  the  arteries  to  record  its  own  variations  automatically,  so  that 
alterations  could  be  noticed  and  mciisure4  which  were  too  rapid  or  too 
slight  to  be  detected  by  the  eye.  To  him  also  we  owe  the  plan  of  arti- 
ficial circulation,  by  which  the  changes  in  the  functions  of  theoi^aus 
and  in  the  vessels  which  supply  them  can  be  observed  quite  apart  from 
the  heart,  lungs,  or  from  the  nervous  system. 

Like  Sharpey,  Ludwig  is  a  great  teacher,  and  like  the  great  architecb; 
of  the  Middle  Ages,  who  built  the  wonderful  cathedrals  which  nil 
admire,  and  the  builder  of  which  no  man  knows,  Ludwig  baa  been  con- 
tent to  sink  his  own  name  in  his  anxiety  for  the  progress  of  his  work 
and  in  his  desire  to  aid  his  pnpils.  The  researches  which  have  appeared 
under  these  pupils'  names  have  been  in  many  instances,  perhaps  in  most, 
not  only  suggested  by  Ludwig,  but  carried  out  e^cperimeutally  with  his 
own  hands,  and  tbe  paiier  which  recorded  tbe  results  finally  written  by 
llin1)^plf.  In  the  paper .s  which  have  appeared  under  his  pupils' names  we 
find  their  obligations  to  the  master  recorded  in  such  Mrms  as  "nutei 
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llitwirkiing."    But  no  oue  except  those  who  bftve  worked  with  him  can 
u^de^8tatld  what  aucb  cooperation  meant. 

The  graphic  method  introduced  by  Ludwig  for  the  purpose  of  measur- 
ing Jthe  blood  pressure  was  adapted  by  Volkmann  to  the  registration  of 
tlie  pulse  in  man,  and  the  same  method  haa  been  modified  and  rendered 
morn  easily  applicable  at  the  bedside  by  Marey  and  Chanveau,  to  whom 
we  chiefly  owe  our  knowledge  of  the  modifications  in  the  form  of  the 
iil>ex  beat  and  of  the  pulse  curve.  It  is  to  Ludwig  and  hia  scholars, 
liowever,thatweowethu  greater  part  of  our  knowledge  of  the  mechan- 
ism of  the  circulation  and  of  the  varying  distributiou  of  the  blood  iu 
various  parts  of  the  body. 

The  effect  of  emotion  upon  the  heart  was  carefully  noted  by  Harvey, 
who  says:  "For  every  affection  of  the  mind  which  is  attended  with 
paio  or  pleasure,  hope  or  fear  is  the  cause  of  no  agitation  whose  iuflu- 
eiice  extends  to  the  heart." ' 

Sot  only  was  Harvey  well  acquainted  with  the  fact  that  the  beats  of 
the  heart  vary  very  much  in  strength  and  force,  but  he  also  knew  that 
the  circulation  in  various  parts  of  the  body  may  be  very  different  at 
one  and  the  same  time.     He  says: 

"  It  is  manifest  that  the  blood  in  its  course  does  not  everywhere  pass 
with  the  same  celerity,  neither  with  the  same  force  in  all  places  and  at 
nil  times,  but  that  it  varies  greatly  according  to  age,  sex,  temperament, 
hubit  of  body,  and  other  contingent  circumstances,  externa)  as  well  as 
internal,  natural  or  uonnatural.  For  it  does  not  course  through  intri- 
cate and  obstructed  passages  with  the  same  readiness  that  it  does 
through  straight,  unimpeded,  and  pervious  channels.  Neither  does  it 
run  through  close,  hard,  and  crowded  parts  with  the  same  velocity  as 
through  spongy,  soft,  and  permeable  tissues.  Neither  does  it  flow  and 
]>enetrute  with  such  swiftueBS  when  the  impulse  (of  the  heart)  Ih  slow 
and  weak,  as  when  this  is  forcible  and  frequent,  in  which  case  the  blood 
is  driven  onwards  with  vigor  and  in  large  quantity. 

''And  what,  indeed,  is  more  deserving  of  attention  than  the  fact  that 
in  almost  every  affection,  appetite,  hope,  or  fear,  our  body  suffers,  the 
countenance  changes,  and  the  blood  appears  to  course  hither  and 
thitliert  In  anger,  the  eyes  are  fiery  and  the  pupils  contracted;  iu 
modesty,  the  checks  are  suffused  with  blushes;  in  fear  and  under  a 
sense  of  infamy  and  of  shame,  the  face  is  pale,  but  the  ears  burn  as  if 
for  the  evil  they  heard  or  were  to  hear;  in  lust,  how  quickly  is  the 
member  distended  with  blood  and  erected."' 

Itarvey's  great  contemporary,  Milton,  though  so  violently  opi)08ed  to 
him  in  politics,  would  certainly  not  remain  in  ignorance  of  Harvey's 
work,  and  he  has  noted  the  changes  in  the  color  of  the  face  produced 
by  emotions.  In  describing  the  behavior  of  Satan  on  his  journey  from 
hell  to  Paradise,  he  says: 

Tfatis  while  he  spake,  each  pHssioii  dimni'd  bii>  Tace, 
Tbrice  changed  with  pale — ire,  envy,  aod  despair, 
Whloh  maiT'il  hit  borrow'tl  visage.' 


'"The  Works  of  Williiim  Harvcj,"  .S.vdoDhaui  Si  iciety 'a  edition,  pa^eTO. 
■Ibid.,  paj^  126-129. 
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8M94 30 


y  Google 


4')6      MODERN  DEVELOPMENTS  OF  HARVEY's  Wi.. 

But  altliougli  these  facts  were  kuowu  to  Harvey  n<> 
only  in  en m pa m lively  recent  years  that  the  mechaDisu 
are  brought  about  hits  been  investig:ated,  and  it  is  onl^ 
ilecade  that  physiologists  have  begun  regularly  to  < 
calrdiac  muscle  has  a  power  of  rhythmic  pulsation  in 
nerves,  although  Harvey  had  iioted  that  when  the  In 
small  pieces'the  IVagments  would  still  continue  to  \u 
fairly,  indeed,  compare  the  movements  of  the  heart, 
physiologists  of  the  present  day,  to  those  of  ahorse, 
of  going  independently,  although  its  pace  may  be  slow 
by  the  reins  or  spur  of  the  rider.  The  power  of  the  ■ 
rein  to  the  heart,  and  slow  its  movements  or  stop  thui 
first  noted  by  Edward  and  Ernest  Heinrich  Weber, 
that  it  sometimes  has  of  accelerating  instead  of  slowi' 
of  shaking  the  reins  of  the  horae,  was  observed  by  S' 
and  Lister. 

The  accelerating  nerves  of  the  heart,  and  the  posir 
center  from  which  they  spring,  were  more  thorough^ 
von  Bezold,'  while  the  power  of  the  vagus  to  weaken  :i 
heart  was  observed  by  Gaskell.  The  imsition  of  tb 
which,  like  the  rider,  regulates  tlie  movements  of  the  I 
in  the  medulla  oblongata  chiefly  by  Ludwig  and  his  w- 
heart,  the  vessels  also  are  regulated  in  diameter  by  tl 
in  accordance  with  the  wants  of  the  body  generall 
upon  the  vasomotor  nerves,  which  when  cut  allow  t 
when  stimulated  cause  them  to  contract,  was  discos 
Brown-Sf^qnard,  and  by  our  conntryman,  Waller;  w 
other  nerves  to  cause  iminediate  dilatation  was  disco 
Eckhardt,  and  Lndwig  in  the  submaxillary  glands, 
eral  vessels,  respectively. 

The  heart  when  cut  oat  of  the  body  still  continui 
transmission  of  excitation  from  one  cavity  to  auothei 
on  by  Paget,  although  removed  completely  from  the  ii 
tral  nervous  system,  and  the  vessels  have  a  somewh 
independent  contractility.  The  alterations  produce 
generally  and  locally  by  the  contractile  power  of  t 
changes  caused  in  the  vessels  by  the  central  nervoa 
eral  stimulation  of  the  nerves  or  by  variations  in 
blood  have  formed  the  subject  of  a  series  of  researc 
inany  years,  and  though  originated  and  in  many  case; 
by  Ludwig  have  appeared  to  a  great  extent  under  the 
The  starting  i>ointof  these  investigatioDS  was  an 
changes  in  the  blood  as  it  flowed  through  isolated  oi 
of  ascertaining  in  what  manner  the  combustion  by  wl 

'Von  ItcKoUI.     L'liU'raiiohuuguu  iiber  die  IiiDcrvatiun  des  H 
EoReluiaou. 
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giiln.  This  center  »ctB  most  readily  apon  the  vessels  of  tlie  iutestint  | 
mid  rather  less  reiidily  on  those  of  the  skin.  In  coiiseqQeDce  of  thti. 
when  the  center  is  irritated,  the  vessels  of  the  intestine  contract  sei 
drive  the  blood  tlirongh  the  skin,  so  that  it  is  warmer  than  befint- 
and  it  is  only  when  the  stimnlation  ia  very  great  that  the  ve-swL' 
of  both  conti-act  so  that  tlie  skin  receives  less  bloo<l  than  nonaal 
ami  becomes  eohler  tlian  before.  Bnt  if  the  vessels  of  the  skin  soO 
intestine  are  both  contracted,  where  does  the  blood  goT  This  iptet 
tion  was  pnt  by  Ludwi;;^  and  answered  by  the  experiments  irbiili 
he  made  with  Ilatlz.  It  is  evident  that  if  the  heart  be  Rtopiied  wbilr 
the  blood  pressure  is  being  measured  in  the  artery  of  an  animal  tk 
prcBSnro  will  fall  regularly  and  steadily,  because  the  blood  is  llowins 
out  all  the  time  through  the  arterioles  and  capillaries  into  the  veint. 
One  would  naturally  cxi>ect  that  if  the  arterioles  were  c«nti-acted  br 
irritation  of  the  vasomotor  centers  in  the  medulla  the  fall  of  blooii 
]irossure  would  either  not  take  place  at  all  or  would  be  very  marl' 
slower  than  before;  but  on  trying  the  experiment,  Ludwig  and  nafii 
found  to  their  suqirise  that  the  blood  pressure  fell  almost  as  tiuicklyas 
when  the  vasomotor  center  was  left  alone,  and  the  vessels  of  the  stin 
and  intestine  therefore  remained  uncontracte<l.  In  other  words,  tbi- 
vessels  which  supply  the  muscles  of  the  body  and  limbs  are  capable  of 
such  estension  thai 
to  pour  through  tin 
the  vessels  of  the 
vation,  it  seems  to 
has  hardly  receivec 
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dimiuished,  at  otliera  that  it  is  increased,  the  alt«Tatioui)epeiidiD^Hpon 
the  comparative  efl'ect  of  the  mecbanical  coinpre3»ioa  of  the  vessels  of 
the  musclea  Just  mentioned,  aud  upou  the  increase  of  their  lumen  by  the 
dilatation  of  their  wallij.  It  invariably  happens,  however,  that  after 
the  muscle  has  ceased  to  act,  the  flow  of  blood  through  the  muscle  is 
increased.  This  increase  is  quite  independent  of  any  alteration  in  the 
;>:eneral  pressure  of  blood  in  the  arteries,  and  itoccurs  wbcnaDartitieinl 
stream  of  blood,  under  constant  pressure,  is  sent  through  the  muscle. 
Tlie  dilatattou  in  the  muscular  vessels,  as  indicated  by  the  increased 
flow  of  blood,  and  consequent  change  of  <iolor  in  the  frog's  tongue,  was 
observed  by  Lupine  after  stimulation  of  the  periphei'al  ends  of  the 
hypoglossal  and  glossopharyngeal  nerves,  and  the  actual  changes  iu 
the  vessels  themselves  were  observed  microscopically  by  von  Frey  and 
Gaakell. 

The  dilatation  of  muscular  vessels  on  irritation  of  peripheral  nerves 
was  thus  brought  into  a  line  with  the  dilatation  noticed  in  the  vessels 
of  the  submasillary  gland  by  Bernard,  and  in  the  corpora  cavernosa 
hy  Kckhart.  It  is  evident  that  alteration  iu  the  size  of  such  a  huge 
vaacular  tract  as  the  muscular  arteries  must  influence,  to  a  great  extent, 
the  blood  pressure  in  the  arteries  geuerally,  and  it  in  equally  evident 
that  the  changes  induced  iu  the  condition  of  the  blood  pressure  by 
muscalar  action  may  be  of  two  kinds,  either  a  rise  or  a  fall.  If  the 
arterioles  are  compressed  by  the  muscles  so  that  the  flow  through  them 
is  impeded,  the  general  blood  pressure  will  rise.  When  this  effect  is 
more  than  counteracted  by  the  dilatation  of  the  arterioles  themselves 
under  nervous  influence  the  general  blood  pressure  will  fall,  for  the 
blood  will  find  an  easy  passage  throngh  the  vessels  from  the  arteries 
into  the  veins.  We  can  thus  see  how  readily  a  rise  or  fall  in  the  gen- 
eral blood  pressure  may  be  iiuluced  by  esercise  of  the  muscles.  If 
they  contract  sudilenly  or  violently  they  will  tend  to  compress  the 
arterioles,  and  raise  the  blood  pressure,  while  quite  easy  contraction 
pill  have  little  efl'ect  in  compressing  the  arterioles,  and  these,  becomiuf; 
dilated,  will  allow  the  blood  pressure  to  fall. 

But  there  is  still  another  factor  which  may  tend  to  increase  the  blood 
pressure  during  severe  mascular  exertion,  viz,  a  quickened  pulse  for 
stimulation  of  the  nerve  fibers  extending  from  the  muscles  to  the  cen- 
tral nervous  system  greatly  accelerates  the  beats  of  the  heart.  Iu  this 
ri!S))ect  stimulation  of  the  muscular  nerves  difl'ers  fVoni  that  nf  the 
cutaneous  and  visceral  nerves,  inasmuch  as  the  latter  tend  I'atherto 
«low  than  to  quicken  the  pulse.  The  peculiar  effect  of  the  muscular 
nerves  ui>on  the  heart  wouhl,  indeed,  ap|>ear  to  be  a  provision  of  nature 
for  the  purpose  of  maintaining  an  exceedingly  active  circulation  during 
the  active  calls  upon  nutrition  which  violent  exertions  entail.  Muscu- 
lar exercise,  therefore,  has  a  special  tendency  to  raise  the  blooil  pres- 
sure in  the  arterial  system,  and  conse«|uently  to  increase  the  resistance 
which  the  left  ventricle  has  to  overcome.    Moreover,  iu  the  case  of  the 
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litlestiual  veasels  there  is  a  special  provision  m&de  for  preventing  tbeir 
raiitraotioii  ftom  causing  too  great  a  rise  of  arterial  pressure.  This 
consists  in  the  depressor  nerve,  which  passes  from  the  heart  and  temi^ 
to  pnHlufo  dilatation  of  the  abdominal  vessels,  and  thus  prevent  any 
limine  pressure  occurring  within  the  heart  from  their  excessive  con- 
tniflion. 

In  IIh'  vase  of  the  muscles,  we  have  no  such  nerve.  Its  place  seems 
to  b(«  taken  by  the  dilating  fibers  which  occur  in  the  motor  nerve.*;.  As 
I  hitv(«  nlnvuly  said,  however,  this  effect  of  dilatation  in  the  muscalar 
Yossi'U  may  be  at  first  more  than  counteracted  by  mechanical  compres- 
sion at  the  commeiicement  of  exertion,  and  thus  the  blood  pressure  in 
the  arteries,  and  the  resistance  which  it  opposes  to  the  contraction  and 
emptying  of  the  ventricle,  may  be  unduly  increased. 

As  »  general  rule  the  distention  of  any  hollow  miiscniar  organ  is 
ultendcil  with  great  pain.  How  gi'cat  is  thesaffering  whenobstructi<Hi 
of  the  Iwwel  prevents  evacuation  of  its  contents;  or  when  a  calculoji, 
in  Its  passage  down  the  gall  duct  or  ureter,  forcibly  distends  their  wall 
One  of  the  severest  tortures  of  the  Middle  Ages  was  to  distend  the 
stoinaeh  with  water,  and  the  Emperor  Tiberius  could  imagine  uo  tnon 
nw1\il  punishment  for  those  whom  be  hated  than  to  make  tlieui  drink 
wine,  and  at  the  same  time,  by  means  of  a  ligature,  to  prevent  the  dis- 
ti'iidwl  bladdor  from  emptying  itself.  The  heart  is  no  exception  to  this 
rule,  and  distension  of  its  cavities  brings  on  most  acute  physical  suf- 
fering. Its  inability  to  empty  itself  is  a  question  of  relative  and  not 
of  nb.toliite  iMiwer;  for  a  strong  heart  may  be  unable  to  work  only 
against  enormously  tiioreased  resistance  iu  the  peripheral  arterioles. 
while  the  heart,  weakened  by  degeneration,  may  be  unable  to  empty 
itself  in  fiu-o  of  jn-essure  little,  if  at  all,  above  the  normal. 

When  the  contnw;ti1e  ])ower  of  the  heart  is  not,  as  it  is  in  health, 
considerably  In  excess  of  the  resistance  opposed  to  it  in  vessels,  bat 
only  nearly  equal  to  it,  a  slight  increase  in  the  resistance  may  greatly 
iiiierfcre  with  the  power  of  the  heart  to  empty  itself,  and  bring  on  pain 
varying  iu  amount  fh>m  slight  uneasiness  to  the  most  intense  agouy  in 
angina  jKH'toris.  This  is  indeed  what  we  find  for  a  heart  whose  uutri- 
tioii  lias  bei'ii  weakened  by  disease  of  the  arteries,  and  consequent 
imiierfect  supply  of  blood  to  the  cardiac  muscle  is  unable  to  meetany 
increased  resistance  if  this  should  be  offered  to  it,  and  pain  is  atonce 
felt.  Iu  such  cases,  unless  they  be  far  advanced,  we  find  precisely  as 
we  might  expect,  that  walking  on  the  level  usually  causes  no  pain,  hut 
the  attempt  to  ascend  even  a  slight  rise,  by  which  the  muscles  are 
brought  into  more  active  exertion,  brings  on  paiu  at  once.  Yet  here 
agaiu  we  find,  as  we  should  expect,  that  if  the  patieiit  is  able  to  con- 
tinue walking  t4(e  pain  passes  off  and  does  not  return.  These  phe- 
nomena would  be  inexplicable  were  it  not  for  Ludwig's  observations  on 
circnlatioii  through  the  muscles,  but  iu  the  light  of  these  observatioaa 
everything  is  made  perfectly  intelligible.     Walking  ou  the  flat,  by 
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causing  no  violeut  exertiuu  of  the  inosclps,  produces  ua  mechanical  con- 
striction of  the  vessels,  and  thas  does  not  increase  the  blood  pressure. 
The  greater  exertion  of  walking  np  a  hill  has  this  efTect,  but  if  tbo 
patient  is  able  to  continue  his  esertions,  the  increased  dilatation  of  tbe 
vessels — a  consequence  of  muscular  activity — allows  the  pressure  agaiu 
to  full  and  relieves  the  pain. 

As  musculai'  exertion  continues  and  the  vessels  of  the  muscles 
Iwcome  dilated,  the  flow  of  blood  from  the  arteries  into  the  veins  will 
tend  to  become  nincb  more  rapid  than  usual.  The  pressure  in  the 
arterial  system  will  consequently  fall,  bnt  that  in  the  veins  wilt  become 
increased,  and  unless  a  correB[>oruling  dilatation  occurs  in  tbe  pulmo- 
uary  circulation,  blood  will  tend  to  accumulate  in  the  right  side  of  tbe 
heart,  the  right  ventricle  will  be  unable  to  empty  itself  completely, 
shortness  of  breath  will  arise,  and  even  death  may  occur.  At  first  the 
right  sid^e  of  the  heart  is  affected,  and  the  apex  i>eat  disappears  from 
tbe  normal  place  and  is  felt  in  tbe  epigastrium,  but  the  left  ventricle 
also  becomes  dilated,  thongh  whether  this  is  simply  tbrongb  nervous 
inflnence  tending  to  make  it  act  concordantly  with  tbe  right,  or  for 
some  other  reason,  it  is  at  present  impossible  to  say.  Severe  exertion, 
even  for  a  few  minutes,  may  produce  this  condition  iu  healthy  persons,' 
and  when  the  exertion  is  overcoutiuued  it  may  lend  to  permanent  mis- 
chief. More  especially  is  this  tbe  case  in  youug  growing  boys,  and 
it  is  not  merely  foolish,  it  is  wicked  to  insist  upon  boys  engaging  in 
games  or  contests  which  demand  a  long-continued  overexertion  of  the 
heart,  such  as  enforced  races  and  i>aper chases  extending  over  several 
miles.  Intermittent  exertion,  either  of  a  single  mnscle  or  of  a  group  of 
muscles,  or  of  the  whole  body,  appears  to  lead  to  better  nutrition  and 
increased  strength  and  hypertrophy,  but  overexertion,  especially  if  it 
contiDues,  leads  to  impaired  nutrition,  weakness,  and  atrophy.  If  we 
watch  the  movements  of  young  animals,  we  find  that  they  are  often 
rapid,  but  fitful  and  irregular  and  varied  in  character,  iiistead  of  being 
steady,  regular,  and  uniform.  They  are  the  movements  of  the  butterfly, 
and  not  of  the  bee.  The  varied  plays  of  childhood,  the  gambols  of  tbe 
lamb,  and  the  frisking  of  the  colt  are  all  well  adapted  to  increase  tbo 
strength  of  the  body  without  doing  it  any  injury;  but  if  the  colt, 
instead  of  being  allowed  to  frisk  at  its  own  free  will,  is  put  in  harness, 
or  ridden  in  races,  the  energy  which  ought  to  have  gone  to  growth  is 
used  up  by  the  work,  its  nutrition  is  affected,  its  itowcra  diminished, 
Btid  its  life  shortened.  The  rules  which  have  been  arrivcil  at  by  the 
breeders  of  horses  ought  to  be  carefully  considered  by  tbe  teachers  of 
Khoots,  and  by  the  medical  advisers  who  superintend  the  pupils. 

In  youth  and  middle  age  every  organ  of  the  body  is  adapted  for  doing 
more  work  thau  it  is  usually  called  upon  to  do.  Every  organ  can,  as 
It  ia  usually  termed,  make  a  spurt  if  required;  but  as  old  age  comes  on 
this  capacity  disappears,  the  tissues  become  less  elastic,  tbe  arteries 
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become  more  rigid  and  leaa  capable  of  dilatiug  and  allowing;  freer  flow 
of  blood  to  any  part  whether  it  be  the  iutestiue,  the  skin,  the  braiu,  the 
muscles,  or  the  heart  itself.  Mere  rigidity  of  the  arteries  supplying  the 
muscles  of  the  heart  will  lessen  the  power  of  extra  exertion,  bnt  if  the 
vessels  be  not  only  rigid,  bat  diminished  in  caliber,  the  muscles  of  the 
limbs  and  the  heart  itself  will  be  unfit  even  for  their  ordinary  work,  mid 
will  tend  to  fail  on  the  slightest  overexertion.  This  fact  was  iioticed 
by  Sir  Benjamin  Brodie,  who,  when  speaking  of  patients  with  degener- 
ating !ind  contracted  arteries,  such  as  lead  to  seuile  gangreoe,  said ; 

"Suchpatients  walk  a  short  distance  very  well, but  when  they  attempt 
more  than  this  the  muscles  seem  to  be  unequal  to  the  task,  and  they 
can  walk  no  farther.  The  mnscles  are  not  absolutely  paralyze<l,  but 
in  a  state  approaching  to  it.  The  cause  of  all  this  is  sufficiently  obvi- 
ous. The  lower  limbs  require  sometimes  a  larger  and  sometimes  a 
smaller  supply  of  blood.  During  exercise  a  large  supply  is  wanted  OD 
account  of  the  increased  action  of  the  muscles;  bnt  the  arteries  being 
o.'fsified  or  obliterated,  and  thus  incapable  of  dilatation,  the  increased 
supply  can  not  be  obtained.  This  state  of  things  is  not  )>eculiar  to  the 
lower  limbs.  Wherever  mnscular  structures  exist  the  same  cause  will 
produce  the  same  eflcct.  Dr.  Jenner  first,  and  Dr.  Parry,  of  Bath, 
afterwards,  published  observations  which  were  supjwsed  to  prove  that 
the  disea&e  which  is  usually  called  angina  pectoris  depends  on  ossifica- 
tion of  the  coronary  arteries.  -  ■  -  When  the  coronary  arteries  are 
in  this  condition  they  may  be  capable  of  admitting  a  moderate  supply 
of  blood  to  the  musculnr  structure  of  the  heart,  and  as  long  as  the 
patientmakesno  abnormal  exertion  the  circulation  goes  on  welleuongli; 
when,  however,  the  heart  is  excited  to  increased  action,  whether  it  be 
during  a  fit  of  passion,  or  in  running,  or  walking  upstairs,  or  lifting 
weiehts,  then  the  ossifieil  arteries  being  incapable  of  expanding  bo  as  to 
let  in  the  additional  quantity  of  blood,  which  under  these  circumstances 
is  required,  its  action  stops  and  syncope  ensues;  and  I  say  that  this 
exactly  corresponds  to  the  sense  of  weakness  and  want  of  muscnlar 
iwwer  which  exists  in  persons  who  have  the  arteries  of  thelegs  obstructed 
or  ossified."' 

But  the  syncope  and  stoppage  of  the  heart  mentioned  by  Brodie  are 
not  the  only  consequences  of  impaired  cardiac  notrition.  The  heart 
may  be  still  able  to  carry  on  the  circulation,  but  the  patient  may  suOer 
intense  paiu  in  the  process.  The  outside  of  the  heart  was  found  by 
Harvey  to  be  insensible  to  light  touches,  but  the  inside  of  the  heart 
api>ears  to  be  much  more  sensitive  either  to  touch  or  pressure. 

A  knowledge  of  the  mode  of  circulation  of  blood  through  the  muscles 
enables  us  to  understand  not  only  the  pathology  of  angina  pectoris, 
but  the  rationale  of  various  methods  of  treating  patients  suflTering 
from  angina  pectoris  or  other  forms  of  heart  disease.  In  most  cases  our 
object  is  a  twofold  one — to  Increase  the  power  of  the  heart  and  to  lesseu 
the  resistance  it  has  to  overcome.  In  some  cases  we  require  also  to  aid 
the  elimination  of  water  which  has  so  accumulated  as  to  give  rise  to 
oedema  of  the  cellular  tissues  or  dropsy  of  the  serous  cavities.    In  our 
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endeavors  to  produce  these  beneficial  cbanges  ia  our  patients  we  employ 
regimen,  diet,  and  drugs,  aud  it  is  evident  that  as  in  one  case  tUe  con- 
dition of  a  patient's  heart  may  be  very  different  indeed  from  that  in 
another,  the  regimen  which  may  be  nseful  to  one  may  be  fatal  to  the 
other.  We  have  already  seen  that  sndden  and  violent  exertion  may 
raise  the  blood  pressure  and  so  lead  to  intense  cardinc  pain  or  to  stop- 
page of  tbe  heart  and  iuatant  death,  while  more  geutlu  escrctscs,  by 
increasing  the  circulation  through  the  muscles,  may  lessen  the  pressure 
and  give  relief  to  the  heart. 

The  methods  of  increasing  the  muscular  circulation  may  be  roughly 
divided  into  three,  according  as  tbe  patient  lies,  stands,  or  walks. 
First,  absolute  reat  in  bed  with  massage;'  second,  graduated  move- 
monts  of  the  muscles  of  the  lirnbs  and  body  while  tbe  patieut  stands 
still;  third,  graduated  exercises  in  walking  and  climbing. 

The  second  of  these  methods  hsis  been  spucially  worked  out  by  the 
brother.'*  Schott,  of  Nauheim,  and  the  thini  is  generally  connected  with 
tbe  name  of  Oertel.  It  is  obvious  that  in  cases  of  heart  disease  where 
the  failure  is  great  and  the  patient  is  unable  even  to  stand,  much  less 
to  walk,  where  breath lessness  i^  extreme  and  dropsy  is  present  or 
is  advanced,  the  second  and  third  methods  of  treatment  are  inappli- 
cable. It  is  in  such  cases  that  the  metliod  of  altsolnte  rest  in  bed,  not 
allowing  the  patient  to  rise  for  any  purpose  whatever,  hardly  allowing 
him  to  feed  himself  or  turn  himself  in  bed,  proves  advantageous.  The 
appetite  is  usually  small,  the  digestion  imperfect,  and  flatulence  trouble- 
some; and  here  an  absolute  milk  diet,  like  that  usually  employed  in 
typhoid  fever,  is  often  most  serviceable,  being  easily  taken  and  easily 
digasted,  while  the  milk  sug^ir  itself  has  a  diuretic  action  and  tends  to 
reduce  dropsy.  But  while  simple  rest  prevents  the  risk  of  increased 
arterial  tension  and  con.sequeut  opi>osition  to  the  cardiac  contractions 
which  might  arise  from  muscniar  exertion,  such  beueflts  as  would  accrue 
from  muscular  exertion  and  increased  circulation  would  be  lost  were 
t  not  that  they  can  be  supplied  artificially  by  massage.  Tliis  plan  of 
treatment,  although  it  has  only  recently  been  revived,  was  known  to 
Harvey,  who  narrates  tbe  case  of  a  man  who,  in  consequence  of  an 
injury— of  an  effront  which  he  could  not  revenge — was  so  overcome 
with  hatred,  spite,  and  passion  that  "he  fell  into  a  strange  disorder, 
suflering  from  extreme  compression  and  pain  in  the  heart  and  breast, 
from  which  he  only  received  some  little  relief  at  lust  when  the  whole 
of  his  chest  was  pommeled  by  a  strong  man,  as  the  baker  kneads 
dooKh."' 

This  was  a  very  rough  form  of  massage,  but  the  same  kneading 
movements  which  Harveydesi-ribed  bave  been  elaborated  into  a  com- 
plete system,  more  esi>ecially  by  Ling,  in  Sweden,  and  made  widely 
known  in  America  and  this  country  by  S.  Weir  Mitchell  and  Playfair. 
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One  inif-lit  naturally  ex{>ect  tbat  koeadiDg  the  muscles  woald  increase 
tbe  circtilatioD  tbrougb  them  in  somewhat  ttie  same  way  as  active  exer- 
cise, but,  to  the  best  of  my  knowledge,  no  actual  experiments  existed 
to  prove  this,  aud  I  accordingly  requested  my  friend  and  assistant.  Dr. 
Tunuicliffe,  to  test  tbe  matter  experimentally.  Tbe  metbod  employed 
was,  in  the  main,  the  same  as  that  devised  by  Ludwig  and  employed 
by  Sadler  and  Gaskell  under  bis  direction.  Tbe  results  were  that  dur- 
ing tbe  kneading  of  a  muscle  the  amount  of  venous  blood  wbicb  issued 
from  it  was  sometimes  diminished  and  sometime;^  increased;  that  just 
after  the  kneading  waa  over  tbe  flow  was  diminished,  apparently  frwn 
the  blood  accumulating  in  the  muscle,  and  this  dimunition  was  again 
succeeded  by  a  greatly  increased  flow  exactly  corresponding  to  tbat 
observed  by  Ludwig  and  his  scholars. 

The  clinical  results  are  precisely  what  one  would  expect  from  increased 
circulation  in  the  muscles,  and  cases  apparently  hopeless  sometimes 
recover  most  wonderfully  under  this  treatment.  For  patients  wbo  are 
stronger,  so  that  confinement  to  bed  is  unnecessary,  ami  who  yet  are 
'  unable  to  take  walking  exercise,  Scbott's  treatment  is  most  useful,  and 
it  may  be  used  as  an  adjunct  to  the  later  stages  of  the  treatmeot  just 
described,  or  as  a  sequel  to  it.  Here  the  patient  is  made  to  go  tbrongh 
various  exercises  of  the  arms,  legs,  and  trunk  with  a  cerbiin  amount  of 
resistance,  which  is  applied  either  by  the  patient  himself  setting  in 
action  the  opposing  muscles  or  by  an  attendant  who  gently  resists 
every  movement  made  by  the  patient,  but  graduates  his  resistance  do 
as  not  to  cause  the  least  hurry  in  breathing  or  tbe  least  oppression  of 
the  heart.  Peibaps  the  easiest  "  ay  of  employing  gra<luate<l  resistance 
is  by  the  ergostat  of  Giirtner,  which  is  simply  an  adaptation  of  the 
labor  crank  of  prisous,  where  the  number  of  turns  ot  a  wheel  can  be 
regulated  in  each  minute  and  tbe  resistance,  which  is  applied  by  a 
brake,  may  be  graduated  to  an  ounce.  The  objection  to  it  is  tbe  uni- 
formity of  movement  and  its  wearisome  monotony.  Oertel's  plan  of 
gradually  walking  day  by  day  up  a  steepec  and  steeper  incline,  and 
thus  training  the  muscles  of  the  heart,  is  well  adapted  for  stronger 
persons,  but  when  applied  injudiciously  may  lead,  Just  like  hasty  or 
excessive  exertion,  to  serious  or  fatal  results.  In  Schott's  method  stim- 
ulation of  (he  skin  by  baths  is  used  as  an  adjunct,  and  this  may  tend 
to  slow  the  pulse,  as  already  mentioned.  But  in  all  these  plans  tbe 
essence  of  treatment  is  the  derivation  of  blood  through  a  new  channel, 
that  of  the  muscular  vessels,  and  the  results  in  relieving  cardiac  distress 
and  ])ain  may  be  described  in  the  same  words  which  Harvey  employs 
in  reference  to  diseases  of  the  circulation :  "  How  speedily  some  of  these 
diseases  that  are  even  reputed  incurable  are  remedied  and  dispelled  as 
if  by  euchautnient." ' 

There  is  yet  another  consequence  of  tbe  circulation  to  which  Flarvey 
has  called  attention,  although  only  very  briefly,  which  has  now  become 
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of  tbe  utmost  importance,  and  tbi»  is  tlie  admixture  of  blood  from  vari- 
ous parts  of  tbe  body.  After  describing  tbe  intestinal  veliiii,  Harvey 
says:  "The  blood  returning  by  these  veins  and  bringing  tbe  cruder 
juices  along  with  it  ou  the  one  hand  from  the  stomach,  where  they  are 
thin,  watery,  and  not  yet  perfectly  cbylified;  on  the  other,  thick  and 
more  earthy,  as  derived  from  the  fsecea,  but  all  ponriiig  into  this  splenic 
branch,  are  duly  temj)ered  by  the  admixture  of  contraries." ' 

Harvey's  chemical  expressions  are  crude,  for  chemistry  as  a  science 
only  began  to  exist  about  a  century  and  a  half  after  Harvey's  death, 
yet  tbe  general  idea  which  he  expresses  in  the  words  which  I  have  just 
quoted  is  wonderfully  uear  the  truth. 

Two  of  the  most  important  constituents  of  the  blood  are  chloride  of 
sodium  and  water.  Chloride  of  sodium  is  a  neutral  salt,  but  during 
digestion  both  it  and  water  are  decomposed  in  tbo  gastric  glands,  and 
hydrochloric  acid  is  poured  into  the  stomach,  while  a  corresi>onding 
amount  of  soda  is  retunieil  into  the  blood,  whose  alkalinity  increases 
pan  passu  with  the  acidity  of  the  stomach.  Part  of  this  alkali  is 
excreted  in  the  urine,  so  that  the  urine  during  digestion  is  often  ueu~ 
tral  or  alkaline.  Possibly  some  of  it  passes  out  through  the  hver  in 
the  bile,  through  the  pancreas  and  intestinal  glands  into  the  intestine, 
wbere,  again  mixing  with  the  acid  chyle  from  the  stomach,  neutrali/.a- 
tion  takes  place,  so  that  neutral  and  comparatively  inactive  chloride  of 
sodium  is  again  formed  from  the  union  of  active  alkali  and  acid.  But 
it  is  most  probable  that  what  occurs  in  the  stomach  occurs  also  iu  the 
other  glands,  and  that  it  is  not  merely  excess  of  alkali  resulting  from 
gastric  digestion  which  is  ponred  out  by  the  liver,  pancreas,  and  intes- 
tine, but  that  these  glands  also  decompose  salts,  pour  the  alkali  out 
through  the  ducts,  and  return  the  acid  into  the  blood. 

We  are  now  leaving  tbe  region  of  definite  fact  and  passing  into  that 
of  fancy,  but  the  fancies  are  not  entirely  baseless,  and  may  show  in 
what  directions  we  may  search  out  and  study  the  secrets  of  nature  by 
way  of  esperimeut.  For  what  is  apparently  certain  in  regard  to  the 
dc<^om position  of  chloride  of  sodium  in  the  stomach,  and  probably  in 
the  case  of  neutral  salts  in  the  pancreas  and  intestine,  is  also  probable 
in  that  important  though  as  yet  very  imperfectly  known  class  of  bodies 
which  are  known  as  zymogens.  Just  as  we  have  in  the  stomach  an 
inactive  salt,  so  we  have  also  au  inactive  pepsinogen,  which,  like  the 
salt,  is  split  up  in  the  gastric  glands,  and  active  pepsin  is  poured  into 
the  stomach.  But  is  tbe  i>epsin  tbe  only  a<;tive  substance  producedT 
Has  no  other  bo<ly,  resulting  from  decomposition  of  the  pepsinogen, 
been  poured  mto  the  blood  while  tbe  pejisin  passed  into  the  stomach  f 
Has  the  inactive  pepsinogen  not  been  S|ilit  up  into  two  bodies,  active 
when  apart,  inactive  when  combinedf  May  it  not  be  Htly  compared, 
as  I  have  said  elsewhere,  to  a  cup  or  glass,  harmless  while  whole,  but 
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yielding  sharp  ami  even  daiigerous  epliuters  wlieD  broken,  althuugh 
these  may  again  be  united  into  a  harmless  wholef 

Tliis  (juestioa  at  present  we  can  not  answer,  bat  in  the  pancreas  there 
U  au  indication  that  something  of  the  kind  takes  place,  for  Lepine  hits 
discovered  that  while  this  glaud  pours  into  the  intestine  a  ferment 
which  converts  starch  into  sugar,  it  pours  through  the  lymphatics  into 
the  blood  another  ferment  which  destroys  sugar.  Whether  a  simihir 
occorrence  takes  place  in  regard  to  its  other  ferments  in  the  pancreas, 
or  in  the  glands  of  the  intestine,  we  do  not  know,  nor  do  we  yet  know 
whether  tbo  same  process  goes  on  in  the  skin,  and  whether  tbe  secre- 
tion of  sweat,  which  is  usually  looked  upon  as  its  sole  function, 
bears  realty  a  relationship  to  cutaneous  activity  similar  to  that  whit^h 
tbe  secretion  of  bile  bears  to  the  functions  of  tbe  liver.  There  are  indi- 
cntions  that  such  is  tbe  case,  for  when  the  skin  is  varnished,  uot  only 
does  the  temperature  of  the  animal  rapidly  sink,  but  congestion  occurs 
iu  internal  organs,  and  dropsy  takes  place  in  serous  cavities,  wbiJe  in 
extensive  burns  of  the  skin  rapid  disintegration  of  the  blood  corpuscles 
occurs.  It  IS  ohvions  that  if  this  idea  be  at  all  correct,  a  complete 
revolution  will  be  re<iuired  in  the  views  we  have  been  accustomed  to 
entertain  regarding  the  action  of  many  medicines.  In  the  case  of 
purgatives  and  diaphoretics,  for  example,  we  have  looked  mainly  at  the 
tiecretions  poared  out  after  their  administration  for  an  explanation  of 
their  usefulness,  whereas  it  may  be  that  the  main  part  of  the  benelit 
that  they  produce  is  not  by  the  substances  liberated  through  the  secre- 
tions they  cause,  but  by  those  returned  from  tbe  intestine  and  skin  into 
the  circulating  blood. 

How  important  an  effect  the  excessive  admixture  of  the  juices  from 
one  part  of  the  animal  body  with  the  circulating  blood  might  have  was 
shown  in  the  most  striking  way  by  Wooldridge.  He  found  that  (he 
jnice  of  the  thyroid  gland,  though  it  is  harmless  while  it  remains  in  the 
gliind,  and  is  probably  useful  when  it  enters  the  blood  in  small  quan- 
tities iu  the  ordinary  course  of  daily  life,  yet  if  injected  into  the  blood 
will  cause  it  to  coagulate  almost  instantaneously  and  kill  tbe  animal  as 
quickly  as  a  rifle  bullet.  What  is  powerful  for  harm  is  likewise  i»ow- 
erful  for  good  in  these  case.**,  and  the  admniistration  of  thyroid  juit-c 
in  cases  of  myxtedcma  is  one  of  tiie  most  remarkable  therapeutic  dis- 
coveries of  modern  times.  Since  the  introduction  by  Corvisart  of  ])ep- 
Kin  as  a  remedy  in  (Iy3i)epsi»,  digestive  ferments  have  been  largely 
employed  to  assist  the  stomach  and  intestine  in  the  performance  of 
their  functions,  bnt  very  little  has  been  done  until  lately  in  the  way 
of  modifying  tissue  changes  in  the  bodybytheintroduction  of  ferments 
derived  trom  solid  organs.  For  ages  back  savages  have  eaten  the  raw 
hearts  and  other  organs  of  the  animals  which  they  have  killed,  or  the 
enemies  they  have  conquered,  under  tbe  belief  that  they  would  therchy 
obtain  increased  vigor  or  courage;  but  tbellrst  definite  attempt  to  cure 
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adisease  by  supplying  a  forinent  from  a  solid  nonglandular  organ  of  tlie 
bo<ly  waB,  I  believe,  made  in  Harvey's  own  hospital  by  the  use  of  raw 
meat  in  diabetes.'  It  was  not,  however,  antil  Browti-S^qaard  recom- 
mended tlie  use  of  testicQlar  extract  that  the  attention  of  the  profession 
became  attracted  to  the  use  of  extracts  of  solid  organs.  Since  thcit 
extract  of  thyroid,  extract  of  kidney,  extract  of  supra  renal  capsnle  have 
been  employe*!;  but  even  yet  they  are  only  upon  their  trial,  and  the 
limits  of  their  utility  have  not  yet  been  definitely  ascertained. 

But  yet  another  therapeutic  method  has  been  recently  introduced 
which  bids  fair  to  be  of  the  utmost  importance,  the  treatment  of  dis- 
ease by  antitoxins.  The  discovery  by  Pasteur  of  the  dependence  of 
many  diseases  ui>on  the  presence  of  minute  organisms  may  be  ranked 
with  that  of  Harvey,  both  in  regard  to  the  far-reaching  benefits  which 
it  has  conferred  upon  mankind  and  for  the  simplicity  of  its  origin.  The 
germ  of  all  his  discoveries  was  the  attempt  Ut  answer  the  apparently 
■iseless  question,  "  Why  does  a  crystal  of  tartaric  acid  sometimes 
crystallize  in  one  form  and  sometimes  in  anothert"  From  this  germ 
sprung  his  discovery  of  the  nature  of  yeast  and  of  those  microbes 
which  originate  fermentation,  pntrefactton,  and  disease.  These  minute 
organisms,  fai  removed  from  man  as  they  are  in  their  structure  and 
place  in  nature,  appear  in  some  respects  to  resemble  him  iu  the  proc- 
esses of  tlieir  growth  and' nutrition.  They  seem,  indeed,  to  have  the 
power  of  splitting  up  inactive  bodies  into  substances  having  a  great 
]ibysiological  or  chemical  activity.  From  grape  sngar,  which  is  com- 
l»aiatively  inert,  they  produce  carbonic  acid  and  alcohol,  both  of  which 
have  a  powerful  physiological  action.  From  inert  albumen  they  pro- 
duce albumoses  having  a  most  powerful  toxic  action,  ami  to  the  poi- 
sonous properties  of  these  substances  attention  was  for  a  while  alone 
directed.  But  it  would  appear  that  at  the  same  time  they  produce 
poisons  they  also  form  antidotes,  and  when  cultivated  without  the  body 
and  introduced  into  the  living  organism  they  give  rise  to  the  produc- 
tion of  these  antidotes  iu  still  greater  quantity. 

The  plan  of  protection  from  infective  diseases  which  was  first 
employed  by  Jenner  in  smallpox  is  now  being  extended  to  many  other 
diseases,  and  the  protective  substances  which  are  formed  iu  the  body 
and  their  mode  of  action  are  being  ciii-efully  investigated.  The  intro- 
duction either  of  pathogenic  microbes  or  of  toxic  products  appears  to 
excite  iu  the  Iwdy  a  process  of  tissue  change  by  which  antitoxins  are 
produced,  and  these  may  be  employed  either  for  the  purpose  of  protec- 
tion or  cnre.  By  the  use  of  antitoxins  tetanus  and  diphtheria  appear 
to  be  deprived  of  much  of  their  terrible  power.  But  it  seems  probable 
that  a  similar  result  may  be  obtained  by  the  introduction  of  certain 
tissue  juices  into  the  general  circulation.  It  was  shown  by  Wooldridge 
that  thyroid  juice  has  a  power  of  destroying  anthrax  poison,  and  it 
seems  probable  that  increase  of  the  circulation  of  certain  organs  will 
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increase  their  tissue  activity,  will  throw  their  juices  or  the  |>roducUof 
their  functional  activity  iuto  the  general  circulation,  and  thus  influence 
the  invasion  or  progress  of  disease.  As  I  have  already  mentioned,  tt 
are  able  to  inflnence  the  circulation  in  muscles  both  by  volantary  esw 
tion  and  by  passive  massage,  and  we  should  exx>ect  that  both  of  tbest 
measures  would  influence  the  constituents  of  the  blood  generally,  and 
such,  indeed,  appears  to  be  the  case,  for  J.  K.  Mitchell '  lias  found  tbat 
after  massage  tlie  number  of  blood  corpuscles  in  the  circulation  is  very 
cousiderably  increased. 

Uad  time  allowed  it,  1  had  intended  to  discnss  the  mmlificationsof 
the  heart  and  vessels  by  the  introduction  of  remedies  into  the  circnla- 
tion,  the  power  of  drugs  to  slow  or  strengthen,  to  quicken  or  weaken 
the  power  of  the  heart,  to  contract  or  relax  the  arterioles,  to  raise  or 
lower  the  bloo<l  ptesaure,  to  relieve  pain,  or  to  remove  dropsy ;  but  to  do 
this  would  require  time  far  exceeding  that  of  a  single  lecture.  More- 
over, the  methods  and  results  were  admirably  expounded  to  the  college 
by  ])r.  Ijeech  in  Ins  Crouuiau  lecture,  and  I  have  therefore  thought  1 
should  be  belter  fulfilling  the  wish  of  Harvey  that  the  orator  of  tlie 
year  should  exhort  the  fellows  and  members  of  the  college  to  search 
out  the  secrets  of  nature  by  way  of  experiment  by  directing  flieir 
attention  to  lields  of  research  which  have  received  at  present  little 
attention,  but  promise  results  of  great  practical  value.  Lastly,  I  have 
to  exhort  you  to  continue  in  mutual  love  and  affection  amoug  your 
selves;  and  it  seems  to  me  that  the  best  way  of  doing  this  is  to  direct 
your  attention  to  the  examples  of  Harvey  and  of  our  late  president, 
whose  death  we  deplore  to-day.  They  were  beloved  by  their  fellows 
while  they  lived,  their  loss  was  lamented  when  they  died,  and  they 
have  lett  behind  them  an  example  not  only  of  goodness;  but  of  courage. 
Harvey,  seated  speechless  in  his  chair,  distributing  rings  and  parting 
gifts  to  his  friends  while  awaiting  the  approach  of  death,  and  Andrew 
Clark,  steadfivstly  determining  to  continue  at  work  and  die  in  harness, 
in  spite  of  the  hemo]>tysis  which  seemed  to  threaten  a  speedy  deatb, 
afford  us  noble  exampl&s  which  ought  to  encourage  us  to  follow  the 
diro<'tions  of  the  venerable  Longfellow,  who,  tiiking  the  organ  Harvey 
studtc'  to  symbolize  such  courage  as  Harvey  and  Clark  showed,  says: 

Lot  Its,  then,  be  up  nod  doing, 

With  a  benrt  for  any  fate; 
Still  iic:hiitvinK,  still  piirsninj;. 

Luam  tit  lalinr.  ami  to  wnit. 

'Americnn  Joiirual  of  Medical  Scicuce,  May,  1894 
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ANTS'  NESTS.I 


By  Dr.  August  Foeel, 


A  Dest  is  a  temporary  or  permanent,  naturally  or  artificially  formed 
hiding  place,  whicli  serves  as  a  dwellini;  for  an  animal  and  ittt  family 
or  for  a  more  numeroas  society  of  animals.  The  nest  is  also  intended, 
at  the  same  time,  for  pioteetion  against  enemies  and  against  the  inclom- 
ency  of  the  weather  and  of  the  temperature.  There  are,  however,  not 
only  purely  natural  nests  (such  as  natural  caves  and  hollows)  and 
pnrely  artificial  nests  (such  as  blackbirds'  nests),  but  uleo,  in  many 
cases,  mingled  forms,  where  natural  hiding  places  are  completed  by 
artificial  help.  Nests  may  also  be  divided  into  transient  or  season  nests 
and  permanent  nests. 

^ow,  in  the  case  of  animals  which  live  in  large  societies,  such  as 
bearers,  wasps,  and  ants,  tbe  nest  becomes  a  complicated  building  or 
labyrinth.    There  are  also  elaborate  und  rough  primitive  nents. 

Tbe  ants,  or  Formicidae,  form  a  great  family  of  the  insect  order  of  the 
Hymenoptera.  They  luimber  upwards  of  two  thousand  Uuown  species, 
distributed  throughout  the  whole  earth,  which  form  aboutone  hundred 
and  fifty  genera.  AH  species  of  ants  live  in  societies,  and  almost  all 
display  a  peculiar  so-called  polymorphism;  that  is,  every  8|>ecies  con- 
sists, not  only  of  a  female,  usually  winged,  and  a  male,  usually  winged, 
differing  extremely  from  each  other  in  the  whole  strncture  of  their 
bodies,  bat  also  of  other  individuals  without  wings,  which  are  offspring 
of  the  female  ses,  and  are  called  "workers."  The  division,  however, 
goes  still  further  in  certain  species,  the  "worker"  caste  being  subdi- 
vided into  two  kinds — differing  greatly  in  their  physical  Ktrnctnr&— 
"workers"  and  "soldiers."  Between  these  there  areNi)e('ies  with  inter- 
mittent workers,  the  largest  of  which  resemble  the  "soldiers;"  that  is, 
form  a  phylogenetlc  precursor  to  the  "soldiers," 

Most  of  the  female  and  male  ants  are  wingetl,  and  copulate  in  the 
air  or  in  the  tops  of  trees;  but  at  least  one  of  the  si'xes  is  always 
wiuged.  The  new  colonies  are  almost  invariably  founded  by  a  pregnant 
female,  or  by  several  such,  as  has  alreaily  been  stated  by  Ifuber,  and 
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has  been  clearly  proved  in  recent  years  by  MacCook,  Lnbbock,  Uluch- 
inann,  aod  others.  These  females  live  many  years  (eigbt  to  twelve 
years,  according  to  Lubbock's  experiments),  and  always  remaiD  prolific 
without  renewed  copulation.  Tbey  are  tlie  mothers  of  the  whole 
so  called  ant  colony,  which,  consequently,  lasts  many  years  and  does 
not  die  oat  annnally  tike  the  wasp  colony.  It  follows  fnnn  tbe  facts 
stated  that  tbe  ants  must  have  permanent  nests,  and  tbat  these  nests 
must  display  great  variety,  both  of  which  inferences  are  correct. 

Tbe  ants  have,  moreover,  the  peculiarity  of  changing  tbeir  abode 
from  time  to  time  in  order  to  move  to  a  new  one.  They  understand  how 
to  change  their  dwelling  and  how  to  build  anew. 

Many  species  of  ants  understand  likeniue  how  to  colonize;. tbat  is, 
bow  to  bnild  new  nests  at  a  certain  distance  from  their  dwellings  with- 
out leaving  their  old  nei«t.  Jt  is  in  this  way  tbat  mighty  colonies,  with 
nnmerons  nests,  are  founded,  resembling,  lo  use  Haber's  words,  the 
cities  of  one  and  the  same  empire.  I  have  counted  as  many  as  two 
hundred  immense  nests  standing  close  together  in  our  European  Formica 
exHecia  Nyl.,  and  MacCook  has  counted  as  many  as  sixteen  bundrc<l 
still  larger  nests  of  one  and  the  same  colony  of  Formica  ersectoidea 
FoREL  in  the  Alleghanies  of  Xorth  America.  These  latter  ant  kingdoms 
have,  in  all  probability,  a  population  of  IIOO.OOO.OOU  to  400,00)1,00(1 
inlnibitaiits,  all  forming  a  single  community  and  living  together  in 
active  and  friendly  intercourse,  while  they  arc  on  hostile  terms  with  all 
other  colonies  of  ants,  even  those  of  the  same  species.  Certain  kinds  of 
ants  which  live  in  trees  form  similar  kingdoms  by  occupying  numerous 
trees  of  the  same  forest. 

In  addition  to  this,  ants  frequently  construct  annexes  to  their  nests — 
covered  ways,  subterranean  passages,  stations,  and  flying  camps — in 
order  to  protect  the  plant  lice  which  serve  them  as  milk  cows,  and 
also  for  other  purposes. 

It  is  further  to  be  remarked  that  there  are  courageous,  warlike  kinds 
of  ants,  whose  nests  are,  consequently,  open  and  easily  discovereil, 
while  other  kinds  are  timid  ami  live  in  concealment,  in  many  cases, 
bccanse  their  colonies  consist  of  only  a  few  individuals.  There  are, 
besides,  auts  with  good  eyes,  which  make  their  nests  above  ground, 
and  even  on  tbe  boughs  of  trees,  while  there  are  blind  and  half  blind 
kinds  which  live  hidden  deep  underground. 

As  I  have  formerly  asserted  (Fourmis  de  la  Suisse,  1874),  the  chief 
feature  of  ant  architecture,  in  contradistinction  to  that  of  the  bees 
and  the  wasps,  is  its  irregularity  and  want  of  uniformity — that  is  to  say, 
its  adaptabibty,  or  tbe  capacity  of  making  all  the  surroundings  and 
incidents  subserve  the  pur|>ose  of  attaining  the  greatest  possible  econ- 
omy of  space  and  time  and  the  greatest  jMssible  comfort.  For  instance, 
tbe  same  species  will  live  in  the  Alps  under  stones  which  absorb  the 
■ys  of  the  sun;  in  a  forest  it  will  live  in   warjn,  decayed  tnmksof 

es;  in  a  rich  meadow  it  will  live  in  high,  conical  mounds  of  earth. 
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I  will  attempt  to  make  a  classiflcatJou  of  tbe  nests  of  aots,  corre- 
spouding  approximately  to  tbat  which  I  formerly  made  with 'a  view 
simply  to  giving  an  outliue  of  the  variety  of  the  dwellings  of  ants. 
Of  course,  taking  into  consideration  the  above-meotioned  features  of 
ant  architecture,  it  is  impossible  to  be  systematic. 

L— TAKING  ADVANTAGE  OF  EXISTING  CAVITIES. 

Many  ants  use  as  nests  simply  tbe  clefts  and  crevices  of  rocks  and 
tbe  space  between  two  stones.  They  wall  up  and  barricade  tbe  exte- 
rior of  tbe  clefts  with  sand,  pebbles,  and  dry  vegetable  particles;  they 
divide  the  surface,  more  or  less,  into  chambers,  and  leave  only  one  or  a 
few  doors  (boles)  open,  to  allow  themselves  egress.  Many  species  of 
the  genas  Leptothorax  live  in  this  way,  in  small  colonies,  and  PUufiolepig 
pygmwa  Latb.,  Cremastogaster  sordifluUt  Nyl.,  Prenolepis  longicornia 
Latb.,  etc.,  in  larger  colonies,  in  the  same  manner. 

Some  such  species  have  adapted  themselves  s{»ecially  to  mankind  and 
occupy  the  walls  of  our  bouses.  They  know  how  to  avail  themselves 
there  of  tbe  space  between  the  stones ;  they  bite  away  the  mortar  with 
all  their  might  and  carry  it  away  in  order  to  procure  for  themiielves 
safe  and  warm  lodgings  in  the  neighborhood  of  aur  domestic  stores, 
wbich  they  pillage  thoroughly  at  tbe  first  opportunity.  Such  ants 
which  have  adapted  themselves  to  the  walls  of  our  dwellings  are  Laniu» 
eniarginatus  Latb.,  Monomorium  pharaonw  L.  (imported  into  seaports 
from  the  Tropics),  Pheidole  megacephala  Fabb.  These  insects,  as  is 
well  known,  become  house  nuisances. 

But  other  natural  cavities  are  also  made  use  of,  especially  those  made 
by  other  insects.  The  si>ecies  of  Leptothorax  and  ColobopsU  with  us, 
those  of  Potyrkachis  and  Cremoatofja^ferin  tropical  countries,  know  bow 
to  make  use  of  the  cavities  of  galls  wbich  have  been  abandoned  by  the 
gallfly  tor  tbeir  nests. 

Fig.  1,  Plate  LV,  represents  a  stem  gall  from  Belagoa  Bay,  Sontb- 
east  Africa,  one-sixth  smaller  than  the  natural  size,  which  was  iuhabitet) 
by  a  colony  of  Polyrhackia  gentackeri  FoBEL,  and  which  was  sent  to  me 
by  our  countryman,  the  missionary  physician.  Dr.  Liengme,  living  there- 
The  Polyrhackia  had  aHixed  some  of  tbeir  weaving  to  the  inside,  B. 
Tbe  c^rress  openin^r  made  by  the  gallfly  was  the  door  of  their  nest. 
Cavities  made  by  bark  beetles  in  wood  are  used  among  us  as  uests  by 
the  species  of  Liometopum  and  La*ius,  and  especially  by  Laaius  brumteua 
hATn.,  Formica /uaca,  etc.  In  tbe  same  way  the  space  between  tbe 
outer  layers  of  tbe  bark  of  trees  (especially  tbe  conifers),  the  under 
side  of  tbe  bark  of  dead  trees,  the  under  side  of  beds  of  moss,  etc.,  are 
naed  as  nests  by  the  species  of  Leptothorax  and  other  small  ants.  Ants 
also  live  frequently  in  hollow  fruits,  potatoes,  and,  above  all,  in  large 
tropical  fruits.  Mr,  Ortgies  found  the  little  Brackymyrmex  heert  FoK, 
in  Ihe  lower  part  of  the  pots  of  tbe  tropical  orchids  in  tbe  Zurich  hot- 
bouse,  wliicli  were  tilled  with  moss,  etc.  My  friend  and  colleague,  Pro- 
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feasor  Stoll,  found  the  neBta  of  Camponotus  alrieeps  8m.,  race  «(«rm. 
rariua  Fubel,  coDxtantly  uiider  tbe  dried  excremeut  of  cattle,  aud 
even  iusideof  it,  in  Guatemala. 

P^re  Uainbou^,  iu  Aotaoauarivo,  Madagascar,  sent  me  a  stalk  of 
Sotantim  atiriculatutn,  tbe  soft  marrow  of  wliicli,  excavated  aud  divided 
iito  compartmentH,  served  as  a  ueat  for  Teehnomyrmex  albipes  Smith 
Iu  thiucase  the  gnawing  capacity  of  the  aota  bad  made  tbe  uatural 
object  serviceable.  A  portion  of  this  nest  is  represented  in  tig.  2, 
two-thirds  of  natural  size. 

Dr.  Goldi,  in  Rio  de  Janeiro,  sent  me  several  specimensof  Camponotti» 
ciiiffulatug  Mayb.,  a  very  liaudsome,  rather  large  ant,  as  the  regular 
inhabitant  of  the  hollows  (interuodes)  of  tbe  bamboos  there.  Pt-xe 
Camboii^,  iu  Autiinanarivo,  sent  me  Prenolepis  eUi«ii  Forbl  from  the 
hollow  stalks  of  one  of  the  Malvacese,  in  which  it  lives.  Major  Yer- 
bury,  of  Ceylon,  sent  me,  by  Mr.  Wroughton,  Camponotus  reticulatit* 
KoGEB,  with  its  nest,  which  was  also  iu  a  hollow  stalk.  Mr.  Wrongh- 
lon,  divisional  forest  otticer  at  Poouah,  India,  seut  me  the  nests  of  a  very 
small  ant,  Cardiocondyla  wroughtonii  FuBBL,  which  he  bad  fouud  in 
the  space  between  the  two  surfaces  of  tbe  leaves  of  a  tree  [Eugenia 
jambolana),  the  |>iireuchym  of  which  (the  green  of  tbe  leaf  between  the 
exterior  membranes)  hadevidentlyheendevouredby  a  very  small  ciit«r- 
|)il)ai'.  This  nest  of  Cardiocondyla  tcroughtonti  is  represented  in  fig.  3 
by  Mr.  L.  Schriiter. 

The  well-known  ant  nests  in  the  bellow  acacia  thorns  of  tr»|iicHl 
lands  also  belong  to  this  class;  but  more  on  this  subject  here;ifler. 

2.— EARTH  NESTS. 

Kartli  is  the  most  usual  material  for  the  nest  building  of  ants.  It  is 
well  known  (Gould,  Huber,  etc.)  that  the  ortlinary  earth  structiirt'j« 
(mound.s)  of  many  of  our  ants  are  created  by  the  workers  mining  under 
ground  after  rainy  weather,  bringing  the  wet  particles  of  earth  to  tbe 
sarface  of  tbe  ground  and  pressing  tliem  into  walls  and  vaults  by  means 
of  their  mandibles  and  forelegs,  using  at  the  same  time  blades  of  gra»s 
etc.,  as  pillars  and  inside  walls.  In  this  way  are  made  tbe  well-knowu 
labyrinths,  which  I  myself  have  watched  innumerable  times.  It  is, 
however,  an  unsolveil  problem  whether  really,  as  Huber  thought,  water 
alone  always  suffices  as  cemeut  fur  tbe  earth  or  whether  it  is  not  iu 
some  cases  mixed  with  a  secretion  of  the  glands  of  the  ants.  The  great 
firmness  of  certain  structures,  for  instance  those  of  La»ius  Jlavu»,  giv6» 
some  probability  to  the  latter  supposition,  particularly  when  we 
consider  the  fragile  character  of  the  structures  of  other  kinds  of  ants. 

Kai'tb  nests  may  be  divided  into  three  classes: 

(a)  NchU  which  are  entirely  excavated. — In  this  case  passages  and 
chambers  are  simply  excavated  iu  the  ground,  without  tbe  particles  of 
'>artli  which  are  dug  out  being  workeil  up  into  an  artificial  upper  struc 

■re;  they  are  merely  thrown  away.    There  are  many  kinds  of  ants 
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vhich  mine  only  in  this  way,  aa,  for  example,  Ponera  contracta  Ltb., 
Mj/rmecocyrius,  all  the  Dorglid^,  Aplumwgaster  aubterranea  Ltr.,  and, 
iu  geDeral,  moBt  of  the  blind  and  half-blind  species.  Besides  these 
many  other  species  do  it  occasionally,  such  as  Formiea/ugca  L.,  Formica 
rujlbarbu  P.,  Tetramorium  caspitum  L.,  8]>ecie8  of  Myrmica,  etc. 

One  variety  of  the  mined  nests  consists  of  those  in  which  the  ants 
Leap  np  the  excavated  earth  in  banks  around  the  openings  of  the  nest 
so  that  crater-shaped  openings  are  the  result.  This  occars  most  fre- 
quently in  sandy  soil.  These  hanks  are  not  geuiiiue  upper  istructurea, 
although  they  often  resemble  them  closely.  We  find  them  in  the  case 
of  Meaaor  slrvctor,  Messor  barbarua,  species  of  Pheidote,  AcanikolepiK 
frauen/ddi,  Pogonomyrmex,  etc.  A  peculiar  variety  of  this  class  is 
formed  by  the  crescent-shaped  mounds  of  Meaaor  arenariua  Fab,,  first 
noticed  by  me  in  the  South  Tunis  desert  near  Cabes,  which  consist  of 
coarse  but  very  perishable  globes  of  sand.  At  certain  times  the  ai>er- 
tnres  of  the  Meaaor  nests  are,  in  addition,  snrroniided  by  mounds  com- 
posed of  the  hulls  of  the  seeds  which  have  been  gatliered,  which  halls 
have  been  thrown  out  of  the  nests.  The  little  Cardiucondyla  eletjana 
Em.  and  atambvlo^i  FoBEL   make  small  nests  in   the  sand  on  the 


The  subterranean  structures  of  some  kinds  of  ants  arc,  in  certain 
cases,  extremely  interesting.  Certain  species  dig  passages  wbit;h  go 
down  very  deep  and  branch  off  laterally,  forming  subterranean  cor- 
ridors, and  in  many  cases  loading  to  root  plant  lice  [iMaiua  flapua)  or 
8er\'ing  for  other  puriK>8es.  The  underground  hunts  of  the  species  of 
Dtyrylua,  or  visiting  ants,  are  partially  carried  on  in  this  manner.  Thc»e 
are  blind  robber  ants,  which  carry  on  an  underground  bunt  after  all 
conceivable  ground  insects,  as  I  myself  have  observed  in  Tunis.  They 
are  also  called  "visiting  ants,"  because  they  Irequently  make  a  sud- 
den attack  at  night  upon  dwelling  houses  and  destroy  all  the  vei-min 
in  them. 

The  species  of  Meaaor  (Europe),  Pogonomyrmex  (America),  and  Hoi- 
comyrmex  (India)  construct  nuder  ground,  at  a  considerable  depth 
(often  at  the  depth  of  a  yard),  very  large  chambers  or  granaries,  iu 
which  they  store  the  seeds  which  they  have  gathered.  Iu  the  same 
way  the  species  of  the  American  genus  Atta  excavate  extremely  deep 
and  extensive  passages  and  make  immense  chambers,  in  which  they 
store  the  leaves  which  they  have  cut  from  trees,  in  order  to  lay  off  upon 
them  the  fungus  gardens  from  which  they  supply  themselves  with  food* 
This  discovery,  which  was  first  made  by  Belt  and  subsequently  declared 
by  MacCook  to  be  incorrect,  has  been  recently  confirmed  by  Dr. 
Moller,  of  Blumenau,  in  its  full  exteut  and  by  superb  experiments. 

A  great  deal  of  interest  is  likewise  attached  to  the  underground 
hunts  carried  on  by  the  ants  of  the  genus  Lobopelta  in  India,  after  the 
termites,  according  to  the  careftil  observations  of  Mr.  Wroughton. 
They  feed  upou  these  white  ants,  and  pursue  them  in  their  own  pas- 
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Bageu.  I  caqjectare  that  the  same  thing  is  true  of  the  varions  species 
of  the  genus  Leptogeiiya,  and  that  they  use  their  loug,  thin,  |K>i&ted, 
sickle-ahaped  jaws,  which  bear  a  strong  resemblance  to  a  curved 
needle,  to  pierce  the  termites,  which  they  then  devour  by  the  aid  of 
their  comparatively  powerfiil  anderjaw. 

(b)  Xegta  under  atones. — As  is  well  known,  wherever  there  are  stoaee 
on  dry  declivities,  etc.,  innumerable  ants'  nests  are  found  onder  tbem. 
The  stone  serves  as  a  roof,  under  which  are  the  most  beaatiful  corridors 
and  chambers.  Under  these  lies  the  mined  nest.  The  stone  serves, 
above  all,  to  produce  a  speedy  warming  by  means  of  the  rays  of  the 
sun.  The  ants  under  it  are  always  in  the  highest  story,  in  damp  or  cool 
weather,  as  soon  as  the  sun  shines  or  begins  to  penetrate.  As  soon  as 
the  sun  disapi>ears  the  insects  go  below.  They  also  go  below  when  the 
Ban  shines  too  strong. 

The  same  8i>ecies  which  mine,  and  which  build  earthen  structures 
above  ground,  also  live  under  stones  as  soon  as  they  find  any.  The  stone 
must  be  neither  too  small  and  thin  nor  too  thick  and  large.  Stones  of 
2  to  15  centimeters  in  thickness  are  the  most  desirable,  according  to  the 
size  of  the  ants  and  the  extent  of  their  colonies.  They  allow  the  best 
regulation  of  the  heat  for  the  brood. 

The  species  of  Lasxua,  Formica,  Kyrmtoa,  Tetramorium,  PUigiolepis, 
Pkcidote,  Camponotva,  Aphamogaster,  Bothriomyrmex,  Tapinoma,  and 
other  genera,  are  found  in  swarms  under  stones  among  us  in  Europe. 
Thei-e  are  few  genera  of  ants  that  never  live  under  stones. 

(c)  Earth  atructures  above  ground. — Many  kinds  of  ants  are  excellent 
masons,  but  by  no  means  all.  It  is  easier  to  mine  than  to  construct 
walls,  vaults,  and  pillars. 

I  a<lvise  everyone  who  wishes  to  see  one  of  the  most  beautiful  dis- 
plays of  animal  instinct  and  animal  intelligence  to  eqnip  himself  with 
an  umbrella,  and  with  patience,  on  some  warm  day  in  May,  when  it 
begins  to  rain  after  a  drought,  or  when  it  has  just  stopped  raining,  to 
repair  to  a  meadow,  and  there,  with  the  greatest  perseverance,  to 
watch  attentively  the  surface  of  the  ant-hills  and  the  actions  of  their 
occupants.  Ue  must  at  the  same  time  watch  closely  individual  ants 
and  their  work.  He  will  then  admire  the  skill  and  foresight  of  those 
insects,  and  will  see  how  the  little  architects  and  masons  uuderatand 
how  to  turn  every  blade  of  grass,  every  stalk,  every  leaf,  to  account,  by 
means  of  their  earth  mortar,  in  the  erection  of  vaults,  pillars,  walls,  etc. 
In  this  manner  are  made  those  no  less  numerous  than  wonderful  earth 
labyrinths  wliich  serve  the  ants  in  onr  meadows  as  conical  super- 
structures. Our  lig.  0  represents  a  fragment  of  the  mound  of  an  earth 
nest  of  Lnsiua  niger.  ft  can  be  seen  how  blades  of  grass  and  leaves  are 
used  in  the  masonry  as  pillars,  arches,  etc  The  drawing,  which  is  two- 
thirds  of  the  natural  size,  was  made  by  Mr.  L.  Schriiter,  like  all  the  others, 
from  the  original  piece,  which  I  bad  hardened  with  a  solution  of  silica. 
'  need  not  iidil  that  a  mined  nest  always  lies  under  the  superstructure 

ii,Cooc^lc 


ANTS     NESTS. 

of  tbe  moaiid-bnildin^  ants.  What  purpose  does  the  latter  servel 
Judgiog  trom  my  owq  observatioDS,  the  same  parpose  as  the  stones,  to 
wit,  to  procure  warmth  for  the  brood.  Tbe  grass  springs  up  in  Mayt 
and  with  it  the  aut  mouods.  These  afford  protection  against  the 
dampness  and  tite  shade  of  tbe  primeval  forest;  for  such  is  a  meadow 
to  tbe  ants.  Up  there,  under  tbe  roof  of  tbe  mound,  tbe  rays  of  tbe 
8un  are  felt.  We  have  in  Europe  a  small  ant  (Tapinoma  erraiicum 
Latr.)  whose  perishable  earth  strnctures,  first  described  by  me,  can, 
to  all  appearance,  serve  no  other  purpose.  It  builds  hastily  around 
the  blades  of  grass  a  comparatively  very  high  and  steep  mound  of 
earth,  which  consists  of  little  more  than  tbe  upper,  superficial,  thin 
vault.  Inside  there  are  often  only  a  few  wretched  thin  chambers, 
especially  where  tbe  grass  is  thick.  The  ante  hold  their  brood  partly 
in  their  upper  jaws,  partly  lay  them  on  leaves.  They  crowd  together 
Qtider  the  mound  to  warm  themselves  in  tbe  rays  of  the  sun.  After 
tbe  harvest  tbe  mounds  of  the  Tapinoma  dl8api>ear,  while  tbose  of  the 
other  ants  remain  standing.  The  latter,  however,  also  become  more 
and  more  flattened  as  autumn  approaches.  Our  fig.  12  represents  the 
]>erpcndicular  cross  section  of  a  nest  of  Tapinoma  erraticum  Latr., 
from  Vaux,  Canton  Vaud,  Switzerland,  wbich  was  strcngtbenet)  and 
preserved  by  me  hy  means  of  a  solution  of  silica,  and  is  now  in  the 
Entomological  Museum  of  tbe  Federal  Polytcchnikum.  Mr.  L,  Scbroter 
ban  drawn  the  uest  of  two-thirds  of  tbe  natural  size.  D,  (be  temporary 
earthen  cupola;  Min,  tbe  beginningoftbe  underground  mined  structure. 

Among  Hs  mounds  of  earth  with  labyrinths  arc  built  by  all  the  spe- 
cies of  JMsiuSf  with  the  exception  of  Lading  fuUginonus  LxB.,  bmnneug 
Ltb.,  and  emarginatua  Ol.  ;  also  by  Tetramorium  aespilum,  the  s|>ecies 
of  Myrmica,  several  of  J<'ormica  and  Vamponotiis,  and  the  sitectes  of 
Tapinoma;  and  in  Tanis  by  Monomorium  satomonia,  Aphtenogaster 
striola,  aariloa,  testaeeopiloaa,  crocea,  etc.  Tbe  best  artist  is  tbe  most 
common  of  all  aiit.s,  Lamua  niger  L.,  which  swarms  in  all  oar  gardens. 
This  aiit  also  constructs  covere<I  ])assages  along  tbe  stalks  of  plants, 
where  in  this  way  it  walls  up  its  plant  lice  and  cochiueal  kermes  in 
artistic  stalls.  The  species-of  Mynutca  frequently  build  earthen  stalls 
around  tbe  plant  lice  on  the  stalks  of  plants  without  putting  tliem  in 
communication  with  tbe  ant-hill  by  a  covered  way. 

In  tbe  island  of  Ht.  Thomas  I  saw  eartben  strut^tures  made  by 
Solenopaia  geminata  V.  In  Australia  tbe  large  spei^ies  of  the  genus 
Myrmiea,  which  are  20  to  28  millimeters  long,  build  immense  nests  of 
earth. 

A  seed- harvesting  ant  iu  Colorado,  Pogonomt/rtnex  occidentalis  Cres- 
sox,  builds  a  very  peculiar  and  isolated  variety  of  tbe  eartben  mounds. 
It  plasters  or  paves  tbe  whole  upper  surface  of  its  eartben  mound 
uniformly  and  in  mosttic  with  a  layer  of  small  white  stones,  whicli, 
according  to  MacCook's  observations,  it  frequently  brings  from  a  great 
depth  iu  tbe  ground.    The  still  unknown  object  of  this  paving  is  prpb- 
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ably  the  same  as  that  of  the  earthen  monndB  in  general.  It  is  extraor 
dinary  that  the  little  paving  Btoues  are  placed  side  by  Bide  with  great 
regularity  like  a  street  pa  veuifiiit,  while  the  interior  of  the  cajwla  con  tains 
no  stones  whatever.  MacCook  baa  even  seen  apon  these  nioands  stouee 
containing  fossil  remains  and  native  gold.  Mr.  Henry  de  SaaBsnre,  of 
Geneva,  made  similar  observations  before  MacCook  among  thegenuiae 
Pogonomyrmex  barbatits  i.  sp.,  Smith,  bnt  did  not  publish  them. 

3.-WOOD  NESTS. 

There  are  also  wootlcutters  among  the  ants,  and  in  not  a  few  cases 
the  same  species  knows  how  to  make  earthen  stnietures  and  bow  to 
hollow  out  w  khI,  as,  for  instance,  our  Camponotut  ligniperdus  Latb. 

The  best  woodcutters  are  those  species  of  the  genns  Camponotut 
SIayr,  which  have  a  short,  broad  head,rounded  off  in  front,  especially 
the  subgenus  CotobopHs  Mayr. 

These  ants  fretjuently  bore  with  their  short,  powerful  jaws  into  the 
very  bardest  wood,  and  constroct  secure  and  elegant  labyrinths  for 
themselves  in  it.  This  is  the  ease  with  Camponotm pubescena  ia  Wallis 
and  Tessin,  and  Camponotua  marginatiu.  The  latter  bores  into  tbe 
softer  layers  of  the  wooil  when  they  are  somewhat  decayed  and  lets 
the  harder  part  reniain,  so  that  its  nests  are  more  concentric  around 
the  center  of  the  bough  or  trnnk  in  their  arrangement.  I  have  noticed 
them  in  cherry  trees  and  Paulownias. 

The  smaller  and  very  timid  species  of  Colobopaia  build  themselves 
nests  in  tlie  hardest  wooil.  These  nests  open  outward  by  only  a  very 
few  small  apertures,  which  are  concealed  by  the  irregularities  of  the 
bark  of  the  tree.  These  apertures  are  kept  closed  by  the  head  of  a 
"soldier"  sentinel,  who  permits  only  friends  to  enter.  The  soldier^s 
bead  is  broadene^l  and  rounded  off  in  front,  evidently  for  this  very  use. 
The  rounded  surface  (front  view  in  fig,  11,  magnified  ten  times)  is 
rough,  of  a  dull-brown  color;  the  feelers  are  plantetl  back  of  the 
rounded  surface,  so  that  tlie  latter  presents  no  hold  and  blocks  up  the 
entrance  to  the  nest  like  a  living  stopper.  I  first  observed  this  fact 
among  our  Golobopxis  truneata  Spin,  at  Vaux,  Canton  Vand  (fig.  l.t, 
drawn  four-thirds  of  the  natural  size),  bat  the  similar  structure  of  the 
head  and  the  babit  of  living  in  trees,  which  characterize  tbe  other 
species  of  Colobopsvi,  lead  us  to  infer  that  they  live  in  the  same  way. 

Fig.  13  represents  a  portion  of  the  original  piece  of  a  nest  of  Coto- 
bopgis  truncata  discovered  by  me  in  a  very  hard,  dead  bough  of  a  pear 
tree.  B  is  tbe  bark  of  the  pear  tree;  Oh  is  tbe  chambers  and  pas- 
sages of  tbe  nest;  O  is  the  exterior  opening  of  the  nest;  behind  it,  iu 
the  gallery  of  egress  of  the  nest,  stands  a  Colobopgig  "soldier"  as  a 
sentinel,  keeping  the  door  closed  with  his  head.  At  W  are  seen  two 
Colobopaia  workers,  one  ba.steniug  toward  the  door  froin  the  ontside,  the 
other  standing  in  the  nest.  The  soldier  will  go  back  into  the  nest  for  a 
moment  in  order  to  let  the  first  worker  come  in  (I  ham  noticed  this 
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among  the  living  nuts).  That  tlie  part  played  by  tlie  Colobopiis  "sol 
diers"  istliutof  a  living  stopper  is  further  proved  by  the  fa(rt  that  there 
are  comparatively  few  of  them,  and  that  in  contrast  to  the  workers  thty 
faardly  ever  go  out.  Fig.  19  represents  a  "soldier,"  still  more  m:iguifle<l, 
standing  .it  the  door  of  egress. 

Those  species  of  Camponottta  which  live  in  a  similar  way,  snch  as 
GamponotuM  marginatus  Latr.,  display  the  beginning  of  a  similar 
rounded  surfaceon  the  front  part  of  the  head,  and  always  have  a  large- 
headed  sentry  at  the  door. 

Leptothorax  acervontm  F.  cats  small,  very  sim|>le  nests,  spread  out 
flat,  with  few  chambers  in  the  outer  layer  (the  cork  layer)  of  the  hark 
of  the  tree.  Fig.  5  represents  such  a  next  two  thirds  of  the  natural  size 
iu  the  bark  of  a  flr. 

4.— COMBISKD  STRUCTURES. 

Tlie  structures  heretofore  described  are  combined  in  a  variety  of 
ways. 

For  instance,  the  hollow  stalk  of  a  large  Arcangelica  is  filled  tixtm 
top  to  Imttom  by  TiOsius  niffcr  with  small  earthen  chambers  and  occu- 
pied by  them.  Decayed  trunks  of  trees  are  niatle  use  of  by  nuts  which 
elsewhere  build  in  the  ground,  excavated,  and  worked  up  iuto  nests  by 
lAuiiDi  nii/er,  Ijasiun  Jtarnn,  Formica  /unco,  Myrmicn  Jwvi»odi8,  etc. 
Here  wood  dust  and  cartli  are  nsed  as  mortar  in  the  constrnction  of 
chambers  and  galleries.  Formica  rufa  L.  excavates  the  solYer  ]K>rtions 
of  tho  wood  in  half-decayed  trunks  of  trees  and  builds  in  them  laby- 
rinths which  form  a  part  of  its  nests. 

jMnim  hrunneus  Latr.  lives  habitually  in  half-rotten  trunks  of  trees 
and  beams,  after  excavating  the  moist,  decayed  wo(k1.  It  also  lives  in 
de<:ayed  woodwork  in  our  houses,  as  do  likewise  frequently  Lasimi 
vmbratun  N<iL. 

The  architectnre  of  the  group  of  forest  ants,  Formica  rufa  Ij.,  pralen- 
sis  De  Oeer,  truncieola  Nyl.,  e.r»eeta  NoL.,  and  pregsilabrix  Nyl.,  as 
■well  as  of  their  North  American  relatives,  F.  exHcctoides  Forel,  iniegra 
NvL.,  obncuripes  FoEEL,  etc.,  is,  however,  more  impoaing  and  more 
interesting. 

These  ants  mine  the  ground,  but  cover  their  nests  with  dry  vegetable 
matter  of  the  most  varied  kinds — pine  and  fir  cones,  dry  leaves  and 
pieces  of  wood,  snail  shells.  little  balls  of  rosin ;  blades  or  grass,  in  a 
word,  with  every  kind  of  round  and  cylindrical  materials.  With  these 
they  build  the  well-known  immense  mounds,  with  their  singular  frame- 
work and  the  indescribable  interior  labyrinth,  the-  most  thoroughly 
perforated  part  of  which  is  in  the  middle,  at  about  the  level  of  the 
ground.  Earth  serves  partially  as  cement.  The  openings  of  the  nest 
are  carefully  closed  with  small  pieces  of  wood  at  night  or  when  it  is  jT' 
raining.  They  are  opened  by  the  workers  in  the  morning  and  generally  *^ 
in  warm,  fine  weather. 
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The  moand  is  gradually  enlurged  Bad  streagthened  by  materials 
dragged  to  it.     It  protects  the  interior  perfectly  against  cold  and  rain. 

Formica  ru/a  i.  sp.  of  the  fir  woods  ases  chiefly  flr  leaves;  Formita 
pratensisot  the  meadows  builds  flatter  mounds  and  uses  more  pieces 
of  wood  aiid  blades  of  grass,  pieces  of  dry  branches,  etc. ;  Formicm 
exsecta  uses  more  particles  of  dry  leaves,  etc.;  Formica  sangmiiita 
XiATR.  buildn  mounds  comgrased  of  the  above-mentioned  materials  and 
earth;  its  work  is  imrtly  that  of  a  carpenter  and  partly  masonry;  the 
hitter,  however,  which  is  executed  by  the  "slaves"  {Formica  fmaca). 
usually  prevails. 

It  is  impossible  for  us  to  describe  everything,  and  we  refer  oar 
readers  to  Euber's  admirable  description  of  the  way  in  which  the  forest 
ants  and  theearthen-moand  ants  build  their  uests.  It  may  well  be 
said  that  almost  every  species — either  in  earthen  structures,  in  wood 
nests,  or  iu  eombiued  structures — has  its  peculiarities  with  regard  to 
the  quality  of  the  materia),  the  fineness  of  the  grain,  the  shape  and 
arrangement  of  the  mound  and  the  labyrinth,  the  comiiarative  thiek- 
uess  of  the  walls,  the  size  of  the  chambers,  etc.,  so  that  the  species 
may  IVefjuently  be  known  by  the  structure. 

Still  the  auts  often  rob  one  another's  nests,  and  this  frequently 
renders  it  difficult  to  recognize  the  architect 

There  are  species,  it  is  true,  whose  architecture  can  hardly  be  dis- 
tinguished, as,  for  instance,  the  little  species  of  Myrmiea. 

6.— PASTEBOARD  NESTS  AND  SPUN  NESTS. 

I  have  already,  iu  the  Mittheilungen  of  the  Swiss  Eutomolo^cal 
Society,  Vol.  VIII,  part  6,  1891,  given  some  information  with  regard  to 
the  singular  nests  which  are  now  to  occupy  our  attention.  A  well- 
known  European  species,  Lasiua  fuliginogug  Late.,  builds  peculiar 
l>asteboard  nests,  which  Hnber  erroneously  thought  to  be  excavated  in 
wood,  while  Meiuert,  Mayr,  and  others,  including  myself,  have  demon- 
strated their  true  nature  beyond  a  doubt.  They  ai-e  composerl  of  the 
finest  particles  of  wood  dust  or  of  earth  and  small  stones,  which,  by 
means  of  a  viscous  substance  secreted  by  the  ants,  are  worked  up  into 
so  strong  a  pasteboard  (see  Forel,  Fourmis  de  la  Suisse,  pp.  131-187) 
thnt  the  partitions  between  the  excavations  are  extremely  thin  (as 
thin  as  visiting  cards).  These  nests  are  mostly  found  in  hollow  trees. 
That  they  are  not  excavated,  hut  are  com|)osed  of  pasteboard,  I  have 
clearly  shown  by  microscopic  cuts.  Metnert  first  called  attention  Ut 
the  fact  that  in  Lasiua /uliginogwi  the  glands  of  the  upper  jaw  are 
extraonlinarily  large,  and  conjectured  that  they  are  the  glands  which 
secrete  this  viscous  substance  (cement).  In  fact  a  comparative  physio- 
logical study  of  this  gland  which  Wolff  ("The  smelling  organ  of 
bees''}  erroneously  designated  as  the  smelling-mucous  glaud,  shows  that 
»  discovery  which  has  been  misiuterpreted  by  Wolff  is  of  special  valae. 
I'be  ttubstance  secreted  by  this  gland,  botb  in  bees  and  iu  ants,  and 
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also  the  secretion  of  tbe  posterior  glauds  of  certain  ants  (the  DolickoA- 
crides,  with  whom  it  serves  as  a  weapou  for  smeariug  the  faces  of  their 
enemies),  is  immediately  decomposed  at  the  first  coutact  with  tbe  air, 
'^Ith  a  violent  production  of  gas  bubbles  and  tbe  development  of  an 
aromatic  odor  which  is  very  peculiar.  As  soon  as  this  chemical  decom- 
position is  completed  the  residue  of  tbe  secretion  is  trausformed  into  a 
resinous,  viscous  mass,  which  is  very  sticky.  There  is  no  doubt  in  my 
mind  that  the  viscous  substance  formed  in  this  way  is  not  a  smelling 
mucus,  as  Wolff  by  a  very  far-fetched  explanation,  which  is  unt«nah]e 
for  many  other  reasons,  would  have  it,  but  forms  the  cement  with 
'Which  tbe  nests  aud  many  other  things  are  welded  together. 

What  is  still  too  little  known,  however,  is  the  manner  in  which  a 
genuine  pbylogenetic  evolution  converts  this  gland  cement  gradually 
into  spun  threads.  Tbe  pasteboard  of  Lasiiu  /uliginosug  Latr.  is  very 
rich  in  wood  dust  or  earthy  matter  and  very  poor  in  cement,  so  that  it 
is  very  brittle.  There  is  a  drawing  of  it  in  my  Fourmis  de  la  Suisse,  PI. 
II,  figs.  32  and  33.  The  pasteboard  which  lAomelopum  mierocephalum 
Pz.  manufactures  in  the  innermost  hollow  of  venerable  bnt,  neverthe- 
less, strong,  handsome,  hard,  large  trees,  aud  which  is  also  composcil  of 
wowl  dust,  is  somewhat  leas  brittle.  They  make  it  in  oaks,  poplars, 
apricot  trees,  etc.,  in  southeastern  Europe.  Mayr  gives  a  drawing  of 
it,  taken  from  a  photograph,  in  the  Proceedings  of  the  Imperial  Boyal 
Zoological  and  Botanical  Society  of  Vienna,  June  1, 1892,  Vol.  XLIl, 
PI.  V,  fig.  7,  A  great  many  species  of  tbe  genera  Cremastogaster  Lukd 
and  J>olichoderus  Li:nd  build  only  pasteboard  nests  on  the  boughs  of 
trees,  and  these  nests  vary  very  much  in  their  nature.  In  some  cases 
the  pasteboard  is  harder  and  more  brittle,  resembling  wood,  as  among 
the S|>ecie8  just  described;  in  other  cases  it  is  thinner  and  more  elastic 
or  flexible,  but  at  the  same  time  has  much  greater  jkower  of  resistance, 
and  is  much  more  like  paper  or  pasteboard,  like  thatof  wasps.  Cremas- 
P>ga^ter  atotlii  FoKEL,  of  Guatemala,  builds  very  pecuhar  galleries  of 
pasteboanl  along  the  trunks  of  trees  between  tbe  projecting  portions  of 
the  bark.  Tbey  were  discovered  in  these  galleries  by  my  friend.  Pro- 
fessor Stoll,  who  communicated  this  circumstance  to  nie.  In  Cremaxto- 
gaster  ranavalona  Forel,  of  Madagascar,  the  pasteboard  of  the  inside 
of  the  large,  round,  tree  nest,  is  thicker  and  more  brittle;  that  of  the 
outer  portion  is  always  thinner,  more  elastic, and  tinally,  in  the  outer- 
most layers,  even  perforatetl,  having  a  reticulate  api>earaiice,  somewhat 
like  loosely  woven  packing  cloth.  The  nest  of  CremaHtogimter  ranaro- 
loHtB  is  represented  in  my  "Formicides  de  Madagascar"  (fromOrandi- 
dier's  Natural  History  of  Madagascar,  Vol.  XX,  i)art  28,  PI.  VI,  fig  4, 
4a,  and  46,  and  PI.  Vll).  The  nest  of  JtoUchoileruit  biapinoaus  Oliv., 
which  is  composed  of  the  seed  hairs  of  a  tree  of  tropical  America  (the 
wool  tree,  Bombax  ceiba  L.)  woven  together  with  gland  cement,  is  very 
similar  in  appearance  to  the  onter  portions  of  this  nest,  but  still  more 
coarsely  perforated  aud  more  net  like.     Fig.  IS  represents  a  small  piece 

i,Cooc^lc 


490  ants'  nkrts. 

of  tLis  aubstance  microBcopically  magiiifleU.  Fib  represents  tLe  vege- 
table filameuts,  wbicli  are  only  moderately  di8meinl>erecl,  so  tbat  tbeir 
structare  may  easily  be  seen  i  Cem  in  tbe  ant  cement,  tbe  color  of  wliicb 
varies  from  yellowish  to  brownisli,  and  which  can  be  reco^ized  by  its 
sLai>eIes8neBs  and  its  color;  Mesh  represents  tbe  empty  meahes  of  tbe 
network.  Thanks  to  the  coarseness  of  the  snbstauce,  which  is,  c«n.« 
r[ucntly.  in  an  almost  aiiscatbed  and  iinpalverized  state,  the  ant  cemenl 
can  be  better  distinguished  from  vegetable  bnilding  matter  in  this  att 
than  in  the  other  kinds  of  ant  pasteboard. 

Pig.  15  represents,  in  one- third  the  natural  size,  the  photographed  ntsi 
of  D»liekoAer%ts  bitubereuiatun  Mayb,  of  Bangkok,  which  wns  sent  to  me 
by  tbe  late  lamented  and  well  known  turner,  Mr.  fleinrich  Sigg,  of 
Zurich.  This  nest  is  composed  of  a  compact  (not  i>erforate4l)  but 
flne-graiued  pasteboard,  greatly  resembling  that  of  the  ncnts  of  tbr 
common  wasp  (  Vespa  germanica),  but  stronger.  A  section  of  the  nesi 
was  t-itken  off  jterpendicnlarly  in  order  to  show  the  stmctiire  of  tbe 
interior.  The  nest  is  resting  in  its  natural  position  on  the  liongh  where 
the  ants  had  placed  it.  It  can  be  seen  bow  tbe  small  branches  and 
leaves  of  the  tree,  glueil  together  with  pasteboard,  are  iiicor)>'>rat^ 
into  the  nest,  and  Iiow  the  main  bough  serves  as  iin  axle  to  support  tlie 
struetnre.  It  can  be  further  seen  how  the  labyrinth,  constructed  of 
piiKteboard,  is  built  more  or  less  concentrically  around  the  bough. 

Some  sjMMiies  of  the  genera  Camponolvs  (C  chartifex  Smith,  iraiii 
Mayr,  fabricii  Koobr,  etc.),  in  South  America,  and  Polyrhackis,  \v 
the  East  Indies,  manufacture  a  very  similar  pasteboard.  Fig.  4  repre 
seiits  a  nest  of  I'olyrhachig  mayri  Roger,  of  Ceylon.  Tbe  wholt^  nest 
of  most  of  the  species  of  Polyrfui^hiit  consists  of  n  single  cavity  of  tlie 
size  of  a  walnut  or  of  a  hen's  egg,  while  the  nasts  of  other  ants  are,  for 
the  greater  part,  divided  into  chambers  and  passages.  Tbe  egg-sha|)ed 
nest  of  rolyyhachts  mayri,  which  1  received  from  M;yor  Yerbnry,  of 
Ceylon,  thnmgh  Mr.  Wroughton,  stands  simply  like  tbe  cocoon  of  tbe 
silk-worm,  on  a  leaf.  The  pasteboard  of  which  it  is  composed  resem- 
bles that  of  a  Cremmlogatler  nest,  but  is  very  weak  and  fragile,  toeing 
made  of  vegetable  particles  slightly  glued  together  with  gland  cement 
A  silk  tliread  has  never  yet  been  discovered  in  any  of  them.  Tbe 
cement  is  in  the  form  of  yellow  or  brownish  flakes  and  crosspieoes, 
precisely  like  that  of  JMirhoilervs  bijipinoavg  (fig.  18,  the  colored  parts), 
while  the  vegetable  matter  is  entirely  compact  (without  meshes)  aud 
more  finely  dismembered,  though  still  recognizable  in  its  structure  (not 
pulverized);  the  walls  of  the  nest  are  about  half  a  millimeter  thick. 

I'/tlyrhaclii»  xciitsa  Roger,  of  Ceylon,  bnilds  its  nest  of  esactly  tbe 
same  materials;  but  it  is  irregularly  formed,  and  is  attache<l  to  leaver 
rolled  around  galls,  the  crevices  of  which  are  closed  with  pasteboard. 

1  have  received  similar  pasteboard  nests  oi  TtoUchoderua  graciUfti 
Mayr  and  of  a  species  of  Creinaiiiogatter  fixed  u|>oa  leaves,  fhHD 
"""(ylon,  through  Major  Yerbury. 


uy  Google 


antr'  nests.  491 

Xhe  nest  of  the  Polyrkackig  jerdoniV  Fobel  which  I  received  from 
Ceylon  through  Major  Yerbiiry  is  very  iDtereatiiig.  This  species  builds 
upon  leaves  small  oests,  the  wall  of  which  greatly  resembles  iu  appear- 
aiif%  the  shell  of  many  PhryganeidcE  larvie.  Pebbles,  and  especially 
Hmall  fragments  of  plants,  are  cemented  together  by  a  fino  web  or 
woven  together,  and  form  a  rather  soft  and  tongh  web-like  nest  wall 
of  a  bright  greyiah-brown  color.  Fig.  17  gives  a  microscopic  picture  of 
this  nest  wall.  We  see  here  nnmistakable  small  fragments  of  plants 
(Scliot.)  bound  together  in  a  web  by  peculiar  silk  threads  (GeK)>), 
These  silk  threads  are  found,  upon  a  closer  examination,  to  be  of  very 
irre^ilar  thickness,  often  branching,  and  iu  many  cases  issuing  from  a 
thicker  crosspieqe.  Upon  calling  in  the  aid  of  the  still  more  magnified 
web  of  Polyrhackia  dives  Sm.  (also  fVom  the  Bast  Indies),  in  tig.  7,  there 
can  be  no  doubt  that  a  viscous  substance  secreted  by  the  glantls,  similar 
to  that  which  we  have  seen  used  as  glue  by  the  aiita  previously 
described,  is  here  simply  drawn  out  into  threads.  In  fig.  7  are  seen 
the  thicker  crosspieces  of  a  still  more  shapeless  miiss  of  cement  and 
the  more  finely  spun  threads  drawn  transversely  out  of  tbeni. 

Polyrkachis  dtvea,  however,  no  longer  needs  any  foreign  material.  It 
makes  its  nest  wall  out  of  pure  silk  web,  exactly  like  coarse  spun  yam 
or  the  web  of  the  cateri>illar.  The  web  is  of  a  brownish  yellow,  and 
is  fixed  between  leaves,  which  are  lined  with  it  and  bound  together. 
Mr.  Wroughton,  of  Poonah,  India,  sent  me  such  a  nest,  simply  lietween 
two  leaves. 

A  still  finer,  softer  silk  web,  finer  and  thicker  than  the  finest  silk 
paper,  very  soft  and  as  pliable  as  the  finest  gauze,  though  much  thicker, 
of  a  brown  color,  is  produced  by  Polyrhachis  Hpinigtra  Maye.  Fig.  16 
presents  a  microscopic  pictore  of  it.  Here  we  find  no  more  crosspieces, 
but  only  silk  threads.  They  are,  however,  still  irregular,  of  varying 
thickness,  spun  across  each  other  into  a  web.  This  web  is  fixed  in  a 
wonderful  manner  in  the  ground,  where  it  forms  the  lining  of  a  funnel- 
shaped  cave,  which  is  widened nutinto  a  chamlier  at  the  bottom.  The 
honor  of  the  discovery  of  this  highly  interesting  nest  is  due  to  Mr. 
Wroughton;  he  found  it  in  Poonah,  India.  Mr.  L.  Schriiter  miule  the 
somewhat  schematic  drawing  of  the  nest,  iu  its  natural  position,  from 

'  rolgrhachU  Jerdanii  (woikerB)  n.  sp.  <1  millinietcrB  in  lon^h,  short  and  broiwl; 
relateil  to  the  PolgrliiichU  argentea  Mavii,  lint  ftill  ohnrtor,  withont  HilvtiTy  down, 
with  a  mncli  leas  nrche«l  tboTax  KharpI)'  edged  nt  tbe  nido,  the  nlidomeii  shnrply 
eilKed  in  lyont,  with  red  mandibloH,  antonnir,  nnd  l^gB  (oicc|it  the  targi).  The  other 
purbtAKof  a  dull  black,  thii^kly  and  irroRiilnrlj  pniictate-rvticn)at«,  and  with  ver.v 
line,  jellow,  uparBe,  recinnbent,  and  almoBt  no  orsi't  hair.  The  head  in  widnr  tiiiin 
loDg,  and  hroadens  ont  vnry  mneh  liehind.  The  clypeiia  ia  nhort,  without  Haps  in 
rrant,  not  carinate;  the  lnmiuii>  diverge  behind.  Tim  scape  of  the  nliort  fVontal 
■DteDiiiP  is  somewhat  in  the  nfaape  of  an  S.  and  hanlly  extends  lieyond  the  ba<'k 
of  tbe  bead.  Scales  between  tbe  spines,  with  a  convex,  emarginatcd  iipjier  border. 
Spiaes  just  like  thoM  of  Polgrhackit  argtulea.  The  ncnlptnre  of  tbe  head  ix  like  tbe 
mesbn  of  a  net,  with  a  dotted  background.    The  body  is  dotted  like  a  tliinible. 
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an  original  sketch  by  Mr.  Wroaghton  {&g.  S).  We  refer  the  reader  to 
the  drawing  and  to  the  explanation  of  the  plates. 

The  large  nest  conBtrncted  in  the  foliage  of  trees,  between  the  leavesi 
by  (Ecophylla  tmaragdina  Fabb.,  one  of  the  most  common  ants  of  trop- 
ical Asia  and  tropical  Africa,  forms,  however,  the  prototype  of  spun 
ants'  nests.  A  great  number  of  leaves  are  fastened  together  by  a  fine, 
white  web,  like  the  finest  silk  staff.  This  web,  apart  from  the  color, 
has  exactly  the  same  appearance,  both  to  the  naked  eye  and  nnder  the 
microscope,  as  that  of  Polyrhaehia  apinigera.  The  leaves  are  Dsaalty 
fastened  together  by  the  edges.  The  nest  is  large,  and  the  large,  long 
very  vicious,  reddish  to  greenish  worker  ants  live  in  it,  with  their 
grass-green  females,  their  black  males,  and  their  whole  brood.  They 
form  very  populoas  colonies  in  the  branches  of  the  trees.  Fig.  10  repre- 
sents a  iiortion  of  the  nest  of  (Ecophylla  amaragdina,  with  the  web  and 
the  borders  of  the  leaves  which  are  fastened  together. 

Now,  how  do  the  ants  spint  This  has,  uutbrtunately,  so  far  as  I 
know,  never  yet  been  observed  sufficiently  closely.  Not  even  the  way 
in  which  the  pasteboard  of  our  Euroiwan  ants  is  made  has  been  discov- 
ered. LoHxua  fHliginognt  has  never  consented  to  work  before  my  eyes. 
At  all  events,  the  spinning  of  (Eoophylta,  which  works  iu  broati  day- 
light, ought  to  be  the  first  to  be  seen,  and,  in  fact,  the  only  minute 
observatious  on  this  subject  known  to  me,  by  E.  H.  Aitken,  in  the  .lour- 
nal  of  the  Bombay  Natural  History  Society,  1890,  Vol.  V,  No.  4,  ]tage 
422  ("Red  ants'  nests"),  now  Ije  before  me. 

Aitken  saw  bow  (Ecophylla  fastened  two  leaves  together.  A  worker 
went  to  the  base  of  the  two  leaves,  at  the  point  at  which  they  began  to 
separate,  placed  his  hind  legs,  which  are  furnished  with  sharp  claws, 
upon  one  of  the  leaves  and  drew  the  other  leaf  toward  hiui  with  nil  liis 
might  with  his  upper  jaw.  If  the  distance  was  too  great,  from  two  to 
five  ants  chaiued  themselves  together  for  this  task,  each  grasping  the 
body  of  one  of  the  others,  the  first  holding  ouc  leaf  with  hi»  mandibles, 
the  last  seizing  the  other  leaf  with  the  claws  of  the  tarsi.  While  tbe 
edges  of  the  two  leaves  were  held  as  close  together  as  possible,  simply 
by  these  chains  of  ants  working  side  by  side,  with  the  application  of  all 
their  strength  in  tbe  utmost  tension,  ns  if  by  iudia-rubber  bauds,  Aitken 
saw  other  ants  zeatonsly  engaged  iu  binding  tbe  edges  of  the  two  leaves 
together  with  strong  silk  threads  or  ropes,  which  they  spun  closer  aud 
closer  together  the  nearer  the  leaves  approached  each  otlier.  When  a 
sufficient  number  of  leaves  bad  beeu  fastene<l  together  in  this  way  by 
their  edges,  tbe  whole  was  rendered  waterproof  by  a  compact  Kilk  web, 
and  was  divided  into  chambers  and  passagesby  a  similar  web.  Aitken 
is  a  rehable  and  accurate  observer.  Tbis  highly  interesting  obiierva- 
*'"■•"  "*■  bis  is  entitled  to  full  credit.  Only  one  thing  is  wanting  to  it,  to 
«formation  from  what  part  of  the  body  of  tbe  ant  the  silk 
les.    This  mast  likewise  be  observed. 
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To  my  opinion,  however,  there  is  no  doubt  that  the  sWk  thread  of 
(Eeopkgtla  and  of  the  apioning  species  of  Polyrhackiii,  like  the  cement 
of  the  other  speciOB  of  Polyrkackia,  many  of  Cremagtogaater  and  Dolt- 
choderu8,  Lasius  fuliginosua,  etc.,  is  formed  from  the  so-called  mouth 
saliva,  and  most  probably  from  the  secretion  of  the  glands  of  the  upper 
jaw.  The  cells  of  these  glands,  at  least  in  (Ecophylla,  are  large  and 
unmerouB. 

8.— SYMBIOSIS  AND  KINDRED  RELATIONS  BETWEEN  ANTS  AND  PLANTS. 

By  symbiosis,  in  the  more  restricted  seuse,  is  meant  the  mutual  serv- 
ices of  two  organisms  living  together,  which,  by  a  defensive  alliance  in 
the  struggle  for  existence,  are  so  dependent  upon  each  other  that  tlie 
oue  can  not  thrive  well  without  the  other.  -The  formation  of  s[>ecial 
morphological  characteristics  is  usually  combined  with  genniiie  sym- 
biosis. There  are,  besides,  alt  possible  forms  of  imi>erfect  symbiosis, 
displaying  transitions  to  parasitism,  etc.,  above  all,  however,  those  in 
which  only  one  of  the  two  organisms  ia  really  dependent  upon  the 
other.  For  example,  the  small  beetles  Lamechuaa  and  Atemelen  can  not 
live  without  their  ant  host.  On  the  other  hand,  the  ant  can  exist  very 
well  without  such  guests,  and  merely  eats  the  secretion  from  the  hair 
clusters  of  the  beetles  as  a  dainty  (see  Wasmann'a  elegant  Observa- 
tions on  the  Biology  of  the  Guesta  of  the  Ants).  There  are,  liowever, 
cases  of  still  more  imi)erfect,  counterfeit  symbiosis,  where  oue  organ- 
ism entirely  ignoi'es  the  other,  and,  lastly,  casual  relations  which  are 
erroneously  regarded  as  symbiotic. 

The  relations  of  certain  ants  to  certain  plants  give  rise  to  very 
peculiar  forms  of  nests,  of  which  we  will  speak  brielly. 

(a)  Genuine  nymbioaig, — Dr.  Fritz  Muller,  of  Blumenau,  South  Brazil, 
has  discovered  the  real  relation  of  the  Cecropia  trees  (the  imbauba  of 
the  Brazilians)  to  Azteca  tnatabitig  Smith.  The  ant  geuus  Azteca 
Fo&EL,  which  is  related  to  Liometopum  Mayb,  contains  several  Ameri- 
can species,  but  the  biology  of  Azteca  iiutabilin  only  is  known.  Prof. 
A.  F.  W.  Schimper  {The  Varying  Relations  between  Plants  and  Ants, 
Jena,  1888)  has  giveu  us  in  hia  excellent  work  his  own  observations  in 
South  Brazil,  which  substantially  complete  those  of  Miiller. 

Azteca  instabilU  lives  only  in  the  hollow  trunks  of  certain  species  of 
Cecropia,  especially  Cecropia  adenopus,  which  trunks  are  divided  into 
chambers  by  transverse  compartments;  hut  Schimper  has  discovered 
a  species  of  Cecropia  on  the  Corcovado,  which  never  contains  auts,  while 
Cecropia  adffw^ua  and  others,  as  soon  as  they  have  grown  somewhat 
large  (1  year  old),  are  always  inhabited  by  Azteca  instabilis.  The  fol- 
lowing ia  now  further  ascertained: 

The  pregnant  femaleB  of  Azteca  instabilia  seek  out  for  themselves  a 
certain  very  thin  and  soft  spot  in  the  trunk  of  the  Cecropia,  which 
always  has  the  same  situation  in  every  iuternode,  bore  into  it,  and  thus 
get  into  the  hollow,  where  they  deposit  their  brood,  if  they.are  opt 
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attacked  by  parasites  (iciiueamon  flies).  The  opeaing  then  closes, 
bot  is  sub8ei|ueutly  opentxi  again  by  the  worker  ants.  This  thiuiieU 
fjpot>  is  aa  adaptatiou  of  the  plant  to  the  ant;  it  does  not  occur  in  the 
Cecropui  whicli  in  free  from  ants  (that  is  to  say,  the  corresponding  bud 
depression  is  not  changed  in  texture  and  is  not  atropbied).  Oq  the 
underside  of  the  utem  of  the  leaf  of  Cecropia  adetwpua  and  others  is  a 
peculiar  hair  cushion,  which  is  constantly  secreting  albuminous,  egg- 
shaped  particles  (Miiller's  corpuscles).  These  secretious  are  eagerly 
collected  and  dcvonred  by  the  Azteca;  they  are  one  of  their  chief  arti- 
cles of  food  (ascertained  through  Fritz  Muller),  The  Cecr»pia  which 
is  free  from  ants  has  none  of  M  liner's  corpuscles.  The  siiedes  of  C'vero- 
pia  are  much  frequented  in  Brazil  by  the  leaf-cuttiug  ants  (siiecies  of 
Atfa)  iintl  are  terribly  injured  by  theui,  as  has  been  reL>eatedly  ascer- 
tained by  Belt  and  others.  All  those  which  contain  Azteca  coUmies  arv 
spared,  because  the  vicious  Azteca  pursue  the  Atta  furiously  and  drive 
them  away. 

All  this  is  well  ascertained.    The  plant,  by  an  undoubted  adaptation 
gives  the  aut  food  and  lodging.    The  ant,  in  return,  defends  the  plant 
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vation  of  the  reception  of  tbe  footl  by  the  itut»  i»  as  yet  wnntiug  hero. 
riie  Acticias  which  are  free  from  auts  do  uot  itosHess  these  iK-culiar 
arrangenieuta. 

(b)   Imperfect  nymbiosiH, — Belt  hiiM  ascertaiued  that  the  si»ecieH  of 

Paeudottiyrma  which  inhabit  Acacia  thorus  are  tierce,  warlike  creatures, 

and  keep  every  foe  iit  a  dimtaut^  from  the  plant,  iueludiiig  the  leaf- 

<-iittiii^  Atta,  the  fureut  dcstroyera  of  America.    The  adaptation  of  the 

awt  tu  the  pluut  i»  aBcertained  as  hoou  an  it  is  proved  tliat  the  resiiective 

K{)ecie»  always  lives  and  can  tlirive  ouly  in  the  corresponding  plant. 

This  has  retwutly  been  uufiicieutly  demonstrated  in  tlio  ease  of  I'seudo- 

myrMU  Jlaridula  and  Pseudomyrma  belti.    With  all  thitj,  however,  it  is 

not  yet  proved  that  all  Acaciae  inhabited  by  ants  contribute  anything 

OD  their  part  to  this  arrangement.     In  fact,  this  is  not  yet  provtKl  iu 

tbe  case  of  uiituy  sjiecies;  in  others,  it  is  very  doubtful  or  improbable, 

t>ecause,  on  tbe  one  hand,  there  are  nniuy  hollow  Acacia  thorns  without 

ants  (Mr.  Wroughton  has  sent  me  such  fi'om  India),  and  because,  on 

the  other  baud,  many  Kpeeies  of  ants  of  the  genera  I'neudomyrma,  liiima, 

and  Crema^loffaater  frei|ueutly  inhabit  these  thorns,  and  freciiiently 

make  their  ue»ts  iu  some  other  way.    These  hollow  thorns  with  the 

round  aperture,  which  the  auts  make  use  of,  and  which  are  very  similar 

iu  appearance  to  that  of  the  gall  in  tig.  1,  have  be«-u  often  depicted, 

and  we  do  uot,  tberetbre,  think  it  worth  while  to  reproduce  them  here. 

h  had  been  brought  from  t^tuiali 

was  inhabited  by  Crana»loga»ter 

stoboani  into  a  few  small  chaui- 

ckiariuii  Em.,  C.  acacia  Fobbl, 

ars  to  be  au  adaptation  of  the 

ed  i>seudobulbs  of  the  c'])iphytic 
id  ilydiiophytum  of  the  Kuuda 
le  natural  size,  the  photographed 
HI,  which,  with  other  magnilieent 
elative,  Myrmccodui,  which  hiis 
ri>cently  from  Java  through  the 
Dr.  Ad.  Friek,  of  Zurich.  The 
vcH  as  a  parasite  uimn  trees,  is 
as  rc-presented  by  the  cross  see- 
abyrinth,  according  to  the  obscr- 
aud  others,  as  well  as  that  of 
Its,  which  issue  from  little  oi>en- 
e  roots  and  fiercely  attack  every 
ivcs  are  very  unwilling  to  fetch 
,  Iridomyrmex  cordnttu  Smith, 
ndole  jaranu  Mayr,  were  found 
While,  however,  I riiiomyrmer 
s  in  tbcKe  plants  only,  I'hetdoU 
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JtfPMM  L-*  v«T  w:<li^prad  Ji  ch*  :SaiHLk  UtuMis,  aod  nate^  iD*  Bests  in 
otli«  w^.i;.'  =).^.ie*.  Emt-rv  L-*.  th«K^>r«.  of  ch*  ofMUkHi.  wUicli  is 
doobdt-t^  ^>rrw!t-  z'snu  FSgitiiu-  m«r«ly  rob*  rbe  otttiis  ,tC  IridamwrwKi 
oeotfiooai:?  ui<i  :.^  n.-c  j.Lipc*<I  to  the  piaac  On  the  other  hsuid. 
Emefy  ivrir-L*  '.'r-'UM^r.^MMr^  ^f.trmis  aa  ch«  coosbuiG  piwst  or"  tbe 
ffjf.i*-^!(r»«.  In  all  the  MyxmewMlia  an.l  Hy>lHiphytaiii  boJbs  that  I 
reeeiTed  m  akohol  rkrwijli  Dr.  Fri.-t  ciier«  wasacolooy oi'  the  smalfer. 
<Lirt[«r  JAVjnfSe  vinetv  of  Iri'i'imyrw^^  •^tr<ltitmt  SSTTH  Var.  Mgrmtr- 
m-iue  EsiEBT  ,  !ati;nl:ag  niLiie-*.  a  few  prf^ninc  femolefl.  »o*l  DOmeroas 
Ixrvjt  and  par>;i-.  AH  th.r  *p»H.-iai»?n^  ■>f  the  plant  had  the  saae  b»llo« 
tibyrinrh.  lottrnz  hke  a  nest  bii.lr  by  aa:s.  It  na-st  b*^  aihie*!  that  the 
genus  Tn-U>myrw^x  is  Twy  el»wely  rvlmtd  to  -i-;/w«  anti  Liometo^mwt, 
bal  f jmprises  m;koy  spe>i«-3  whioii  b<i:M  oes^rs  <>f  earth. 

Sow.  Trtn^  b^kiS  a^vertAinW  AimaL«  ■>('  the  Bwtaniiral  GanJen  of 
EaittiLi..r2.  V.-l.  VII.  l-.-sS.  p.  VH  rhi*[  Mymieeodia  ni^^ed  &imb  seeds 
in  hochMa>«?s  and  in  the  b»taii:<-al  :rartt*^D  -it"  Boitenzurg  develop  the 
wh"Ie  h..;;.>w  lab>Tia:h  ia  zht^ir  ba:—*.  n>  i-i>mplete  ■aiority.  withoat 
the  presem-e  of  ^itics.  ja«  as  weU  a*  tii.ise  whiv-h.  in  a  state  <rf  frewlom. 
p«t«ess  ants.  Al  the  -iume  lime  cue  p;;uit3  thrive  admirably.  This 
proves  that  the  Iiibynnih  is  prmliiceil  by  the  plant,  and  not  by  the  ant^, 
th-a_-h  Beix-arirepe-Jte-ilyfi-anil  severed  ban.ilee«rf  vessels  in  the  eon- 
petrtmeots.  Trenb  ha^  ciii-e»iiie!i-;_v.  resorted  to  .'ther  attempts  at  an 
exfiian^mon.  an<l  has  re-.-ar.ied  cLet-e  sin;.ii:ar  canties  as  the  t»eathing 
organs  of  the  pbnt.  and  .,-onn«;ted  them  with  the  inteni>c  irrigation  .rf' 
thtrir  w<-b  the  oompiirtiuents  have  a  very  watery  web',  whieh,  in  view 
of  the  ^pipiivtic  siroarion  of  the  pUnt  Qi->n  trees  with  little  6>Iiag:e.  is 
f.taa.-ible.  My  own  opinion.  h..wever.  is  that  Beecari's  observations 
are  correct,  and  that  the  ants  lend  thpir  aid  by  i-onneeting  sobm:  of  tbe 
cavities  by  boreil  passages,  as  the  inrnml  eavities  do  ntx  all  appear  to 
me  to  have  a  luiCoral  Litmiuaui<'.in.>u  with  earfi  other,  sneh  a^  tbe  ants 
re»iaire.  Fnrtherniore.  the  founders  of  the  c«>lony,  the  notber  temales, 
most  first  bore  in.  At  all  events,  ou'.y  the  ailaptation  on  tbe  part  of 
the  ant  is  well  ascertatued — thjt  is  to  say.  in  the  case  at  least  of 
Iri^omitriMfj  n,rii-$ti».  vhi^^'h  tin-Is  its  eselnsive.  be«ntifat,  and  secnre 
dwelling  in  the  pUnts  of  the  genera  Jtfyr^fn-.(t«,  BfHmt^gtum  .and 
I/urhidia '.).  Botanists  s-iy  that  these  pLiiits  furnish  no  special  food  to 
the  ants,  at  le-.tst  nothing  has  been  toaud  (-"rrespoadiDg  to  tbe  Mailer's 
corpnseles  of  Cf-r-i-ut.    Siu^-e.  hi>wever.  ni.ist  of  the  IMieAodm  keep 
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explanation,  that  «»  s^^H  a  zit 

cavities,  to  which  »  p«tiemi^  *piriM.  a€  m.t  i.«,  ™  .T  .^ '.'  ^~ 
itaelf.     It  seems  to  ■«  iIlu  :i«  ?««^  ,1tt  t  u  »t-iirjr^.tt  ..-  -^  w^ 
of  th«  plant  can  not  yet  be  d^.^~-.>  i«u«t.  ^i.i     i^-  v-,  ,-.  \.      -,- 
further  investigations  ieiA  ;W  :..  u:tr7  ••"   '-.(.iiwim  ■.      .  "r-  ^ 
Cr^««*toffa«to-  dfft«^«.    TW  i^".   -_u«   ^"  -.«    «a.,"L-:-.    -^Ini^.'^M- 
Baitenzorg  Hyrmeeodu  ti-rir*^  *--iMic:    '-mwm,   ■,  _     --r-T        -..%— 
nothing,  becaase,  io  ib*^  fir**  ;;jrt-  Tii*  r-.n.i  :-jiiik  ir    m  --^  —  ^^  i!Z 
existence  are  entirelr  tliircnfi:  :*»tr»  t-.^.  -i,.-*  .r  -w  -.—-,--1     ,b^- 
ancl,  in  the  second  plate,  ben=««   <x«r  i^-*.  ^~v  i^n    -  i-ZrvT.,.!;.^.. , 
of  their  dwellings  in  the  VynaAn^^  in.   >^  ij.t  irr  ».  %«r  -  y-^' 
tatives,    Treabfoand  i»o«lA£,ji«r<fcfi:,(,.   I'K-nu— .«^  i:  -^^  i..iii  ,-* 
garden,  bat  in  the  fore^  it  eaia  V  •Kk.-v^    ir  .<-],.— »-^  .tlwr*..-"^'-* 
mammals  or  other  animals  wLii  ar>^  i-^r  »r  b  t.-^-.!.—   ■•-'- 
Skepticism  is  oeceAsaty  aul  z^^L  \tr.    6-n-^    ».:.[.  -^^^,!„   ,-„  ^r 
good  without  sufficient  rea^T.'^ 

In   a   shrub  in  Borneo.  r>T*.«nU-i.«    **-«.*««»   ^;7      ^j       ;, .^, 

constantly  found  a  €ohltp$i,.  .sj-i  i.tu^  i^  'tloir-T  ...-^^ 
clcrodendTi.  Here  the  plaat,«fc.^^li:4^  -i..  ■:" — ,.„.,,  ^^  j, ,.,  ^  .-J-^ 
nodes,  likewise  form^  a  round  a;j«ct*--^  ^-.,1:  .i  -,  -w,.-^.  r  ...a  ,. 
bored  through  by  Colobofnt.  aoi  skt^  -  k.  *  1.-  r  Ti.*  ..„  r  »«-. 
possesses  iDnnmerableextraeonl  ^iktat-v^  -ji»r  .-.  -..  •»-  -.,,1,..,  ;r., 
ducing  a  sugary  liquid,  which  I^.  i..<  j.  t.:^  i.-w--..  ..r  :i  .<!i^ 
places).  Still,  1  am  not  yet  eoiirriy  «fte.T-.::,.«i,  .1  1, ..  ^.^  -,,^  -^^^ 
is  an  adaptation  on  the  part  of  :i-  j .•-..»  -  >>ra.mt  -.1^  *■.»—>-*  ./  .» 
genus  Colobopah,  so  far  as  httbertA  k2..»i,  *.-*  «i-  ^  ,.  .-..,.,-  ■  y  ,. 
wonld,  consequently,  fumisfa  itt,  ;.rTy.««-''.r«  v.  -,^  >.-:-_  Ti.^  ..rn.  ..,- 
ity  of  the  shape  of  the  bead  of  tL«  Uv-^-e  (  -1  .*  «.«.^»^  — -!i«  -.,  ,*,^ 
t<i  indicate  that  he  stops  op  the  xw::>i  .  5«n.  .  r  <f  -  u*  if>r  .1  -.w  .^..  * 
of  the  Clerodetidron,  with  hi*  bc»L  -i  zx-  -^n—  tiA.:.wf  -.;^-  1*^ 
soldier  of  oar  Eoropean  Cotciop^U  trmm,n'^  «.r^*  1-,  -  ..  1,,^  ./  ,  , 
wood  nest  All  investigatiotm  on  r&.4  tr.  ,,.^_  m  v- .  J*-...--  i..  , 
mode  of  feeding,  are  still  wantins. 

There  are,  besides,  a  number  of  MB.:«r  .-.•'t'w.  ^^ -r  ->  .1  .■  .^^ 
tions,  noticed  especially  by  Beeeari.  a*.  fc«*L4.--  *►, -I-.-  f-*  ,-».■.. 
of  the  genus  KorthaUia  to  Camfo^otms  k.^f^  i.Xi.h  a  .;  t.  ■■  u-  ^.^ 
Emery;  that  of  plants  of  the  genu*  rr>^»-^  V,  i*-..i.  *.->  »  ..-, 
inhabit  their  stalks,  etc;  but  minute  i2ieh-,_-<->r.*  -.r  -  ^-u  *-•*  . 
wanting.    The  future  will  yet  bring  wi  ■.^r.y  ►-.-;7-.-». 

(c)  Carnal  relatitma. — Webarealreaiiy  Ijxwncut  vf. -....  -*-.  »  1  tJtwt 
in  that  kind  of  nest  in  which  tbe  anu  maJce  -..wt  U  -.-■■.  ...  -j^» 
Hollow  acacia  thorns  are  also  fr»r(rier.t(y  c.**rf  »•  :v-  -,.  -,-  i-  , 
which  elsewhere  make  their  neatfi  in  *n  t:t.-.t-:.  -.  r>-— .•  »,.  7  .  i, 
Mr.  Wroaghton  once,  in  an  esceptioual  cam  ia  ltA.A.  i^-.z.'.  -  •i  ,  ^-9 
Jebdon  living  in  an  ncacia  thorn. 
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In  the  OommnnicatiouH  of  tl»e  Swiss  Entomological  Society,  Vol. Ill, 
part  3,  1809  (Observatious  on  the  habits  of  Soienopsis  fugax),  I  first 
calk'd  attention  to  the  fact  that  two  hostile  species  of  ants  can  live  in 
nests  which  are  regularly  intercalated.  In  my  "  Foarinis  de  In  Suisse" 
(1874),  I  showed  that  such  relations  occur  very  frequently  Jiud  more  or 
less  accidentally  among  many  species  of  ants,  esi>ecially  under  stouee 
that  are  well  adapted  to  nests  and  greatly  in  demand;  while,  in  Soteft- 
opsia  fugax  Latb.,  "double  nests"  form  a  very  ordinary,  in  fact,  the 
most  ordinary,  occurrence,  at  least  in  our  meadows.  Wasmann  (The 
Com|>ound  l^ests  and  Mixed  Colonies  of  Ants,  Afiinster  i,  W.,  1891, 
AschendorfTs)  has  corroborated  and  supplemented  my  observations  on 
this  sabject.  Instead  of  the  name  '-double  nests,"  used  by  iiie,  he  has 
introduced  the  more  correct  expression  "compound  nests"  (to  be  trans- 
lated into  French  by  "nids  compowJs").  In  fact,  these  nests  are  not 
untrequently  threefold,  and  even  fourfold — that  is  to  say,  the  nests  of 
from  three  to  four  diffeient  and  hostile  species  of  ants  are  built  into 
ea<.'b  other,  without,  however,  having  any  open  communication  with 
each  other.  If  the  partitions  are  destroyed,  war  ensues  imiuediately. 
The  worker  of  Solenopgis  fagax  is  a  puny,  yellowish  ant,  hardly  2  milli- 
meters in  length,  but  the  females  grow  to  an  imposing  size,  and  look 
like  giants  by  the  side  of  the  workers.  This  species  is  in  the  habit  of 
digging  its  nests  in  the  thick  walls  of  the  nests  of  the  auts  of  the 
larger  species,  and  in  such  a  manner  thatiWherever  there  is  room,  lai^ 
halls  are  constructed  (fig.  6,  S),  in  which  the  females  and  the  males  are 
comfortably  lodged  with  their  large  papte  and  larvte,  while  small  i«8- 
sages  connect  these  halls.  Extremely  small  passages,  not  visible  in  tlie 
figure,  afford  the  workers  exclusively  admission  to  the  chambers  of  the 
host  ant  (flg.  0,  Foi).  According  to  my  observations  and  those  of 
Wasmann,  ISohnopsia  fugax  lives  like  a  thief  and  little  robber,  at  the 
espense  of  its  involuntary  host.  The  little  workers  make  their  way 
through  extremely  small  passages  to  the  pupa  and  larva  heax>s  of  the 
.  large  ants  and  devour  them  from  underneath  without  being  seen,  thanks 
to  their  small  size.  They  also  devour  openly  the  forage  supplies,  as 
well  as  the  dead  aud  sick  individuals,  of  the  larger  species  (mostly 
Formica  fusca  L.,  but  also  Formica  ru/a,  F.  pratenais,  F.  ganguinea, 
Polyergus  rv/escens,  Lasina  niger,  etc.). 

Fig.  6  represents  a  fragment  of  a  double  ucst  of  Formica  futca  and  - 
Solenopsis  fugax  from  the  Zurich  Mountain.  By  means  of  dissolved 
shellac,  which  I  poured  upon  the  nest  in  fine  weather,  and  then  allowed 
to  dry,  I  succeeded  in  making  it  firm  enough  to  be  able  to  take  it  out 
without  injuring  it.  The  fine-grained,  polished  interior  walls  of  tlie 
Solenopsis  cavities  are  seen,  in  contrast  to  the  coarse-grained  and  inor< 
spacious  Formica  chambers.  As  the  anUtake  up  the  moist  earth  with 
their  mandibles  in  the  form  of  small  lumps,  and  then  work  it  into  shape 

ith  their  jaws  and  forelegs,  in  order  to  construct  their  masonry  with 
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it,  and  aa,  moreover,  the  larse  Formica  works  with  much  coarser  parti- 
cles thau  the  iiuiiy  SoUnopgiSt  the  different  character  of  tlie  walls  in  at 
once  explained. 

I  have  nlready  explained  the  frequent  occurrence  of  imperfect,  more 
accidental  compound  nests  of  other  species  of  aot,  by  ascribing  them 
to  thu  acquisition  of  favorable  localities,  especially  the  underside  of 
Atones.  From  this  competition  frequeutly  arise  very  inurderoim  nnder- 
{^round  wars,  which  I  have  often  watched.  1  have  noticed  closely,  in 
t;lasB  apparatus,  how  they  are  carried  on.  The  auts  mine  towanl  each 
other.  A  battle  begins  where  their  work  hap]>enB  to  meet.  The  con- 
queror forces  his  way  into  the  gallery  of  the  conquered.  The  latter,  ' 
however,  hastens,  after  he  has  retired  a  few  millimeters  or  centimeters, 
as  the  case  may  be,  to  stop  up  his  gallery  thoroughly  with  earth.  The 
victor  does  not  then,  by  any  means,  always  succeed  in  again  finding  the 
entrance  to  it,  but,  in  many  cases,  mines  by  the  side  of  it,  and  thus 
X>artial  interlappiiigs  of  the  ne«ts  arise.  The  galleries  of  Solenopain 
fugaJ:  are  often  broken  through  by  the  large  ants.  The  little  robbers 
are,  however,  in  the  first  place,  very  courageous  and  combative;  and, 
in  the  secoud  place,  they  know  how  to  mine  rapidly  and  how  to  barri- 
cade rapidly,  and  by  this  means  to  make  a  skillful  use  of  all  the  parti- 
tions, as  I  have  been  enabled  to  observe  directly  in  the  glass  nest. 
The  digging  and  fighting  spirit  is  at  its  highest  pitch  among  the  ants 
in  the  first  half  of  the  summer,  when  the  nests  have  to  be  enlarged  for 
the  brood.  It  then  ceases,  and  truces  follow ;  in  the  autumn  there  is 
abundant  space  for  all,  and  peace  previiils.  It  is  not  without  reason 
that  the  females  and  males  of  Solenopgit  fugax  do  not  swarm  until  Sep- 
tember, when  the  swarming  time  of  their  host  auts  (J uly=  August)  has 
long  been  past.  Tliey  can  then,  in  fipit«  of  their  size,  go  to  the  upper 
surface  of  the  nest  and  swarm  nndtsturbed,  as  1  have  seen  myself, 
wheresis  they  could  not  have  done  so  earlier  without  great  danger. 

A  peculiar  variety  of  the  compound  nest  is  formed  by  the  dwelling 
of  the  guest  ant  Formicoxeitut  nitidulm  Nyl.,  with  Formica  rti/a  and 
Formica  pratensig,  which  I  first  discovered  in  a  fragmentary  condition, 
and  which  Adlerz  subsequently  found  and  described  more  folly.  For- 
mieoxenug  hunts  the  large  Formica,  and  even  follows  it  up  closely 
throughout  its  chauges  of  abode,  as  Wasmann  first  noticed,  and  as  I 
have  verified.  By  Formica,  on  the  other  hand,  it  is  merely  tolerated 
;tud  superciliously  ignored.  The  peaceable  guest  constructs  in  the 
walls  of  the  nest  of  its  large  host  ant  little  chambers  and  passages, 
which  are,  however,  only  imperfectly  closed,  and  opeu  freely  into  the 
chambers  of  the  Formica.  In  these  little  chambers  lie  the  brood  of 
the  Formicoxentis.  The  Formieoxenus'a  mode  of  subsijtence  is  slill 
unknown. 

8.— NESTS  OF  MIXED  COLONIES. 

The  mixed  colonies  of  the  slaveholding  auts  aud  parasite  ants  (Polg- 
erguB  rvfeseens  Latr.,  Strongylognatkus  testaceus  Schenk  and  S.  huberi 
FOBEL,  Anerffates  atratulun  Scuemk,  Xenomyrmex  stoHii  FoUEi.)  h^vt 
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nests  whicli  always  display  the  architecture  of  the  working  aot  (sbn 
or  lioHt),  and  have  no  furtlier  )utnret<t  for  as  here.  Wlien  PoJyerjM 
ru/escens  scizcui  Formica  rufibarbu  and  keeps  it  as  Ma  slave,  its  neet 
resembles  a  lar^r  nest  of  that  npecies;  if,  on  the  other  haod,  iteDslavtc 
Formioa  fiucn,  its  uest  looks  like  the  nest  of  Formica  fu*ca.,  because 
the  so'cailod  slave  or  auxiliary  ants  are  the  only  builders. 

The  case  appears  to  be  somewhat  different  In  the  rare,  natural,  fbr- 
toitous  mixed  colonies  ( Formica  pratetuis  or  trunci4roUi  or  exttecta,  with 
Formica  fmica;  Ta/iinomii  erratieum  with  Bothriomifrmex  fn^ridtomalit] 
discovered  by  mo  (Fourmisde  la  Suisse),  aa  well  as  in  Formica  ms- 
guinea  Latr.,  which  almost  always  keep  slaves,  but  notwithstandiog 
also  work  tliemselves.  Here  the  nest  assumes  a  miseil  architecture, 
as  Iwth  S[>04-ieB  of  ant  work  on  it,  each  in  accordance  with  itH  instioc 
tive  art.  And  yet  they  do  not  interfere  with  each  other.  Kacli'species 
unilorstainds  how  to  combine  its  work  harmoniously  with  that  of  the 
other,  although  the  methods  of  the  two  are  often  very  different,  as,  f« 
instance,  with  the  mason  ants,  Formica  fusca  and  Formica  pralemit, 
which  work  more  like  carpenters  with  their  little  branches  and  cross- 
pieces.  Fmca  uiiit«a  the  wooden  rafters  of  pratenm  by  means  of  moist 
enrth,  and  the  whole  lasts  very  well.  I  have  also  caused  many  Hrtifictal 
niixeil  colonies  to  be  founded  between  Formica  tanguinca  and  F.  pro- 
tensin,  ett'.,  have  even  discovered  naturally  established  colonies  of  these 
two  latter  species,  and  have  inve8tigat«d  their  mixed  architecture. 

9.— MIGRATORY  NESTS. 

ltelt(The  Naturalist  hi  Nicaragua,  1874)  was  again  the  first  to  dis- 
cover tho  hitherto  unknown  nest  of  the  American  migratory  ants 
(Kciton).  lie  fonnd  in  the  forest  an  immense  ant  ball,  from  which  all 
the  robber  columns  issuetl,  and  in  which  all  the  brood  lay.  Here  was 
a  Ki-nnine  nunnul  nest,  a  Hving  nest  without  a  house.  Sceptical  as  ve 
had  been  with  regard  to  the  other  discoveries  of  the  genial  Belt,  we 
remntned  so  resiiccting  tliis  one,  too,  until  I  succeeded,  in  the  yeu 
18H5,  in  inreresting  Fritz  Miiller's  younger  brother,  Dr.  Wilhclm  Mul- 
ler,  who  was  reshling  at  that  time  at  Blumenau  with  his  brother,  in 
this  question.  Dr.  W.  MiiUer  has  published  the  results  of  his  very 
interesting  obHer%-ntioiis  in  the  first  volume  of  Kosmos  (1886,  p.  81: 
Observations  on  Migratory  Ants).  That  which  bears  npon  our  subject 
may  be  summoil  up  as  follows:  The  larger  s])ecies  of  Eciton,  which  have 
eyes  {hamatnm  F.,  /oreli  Mayb,  quadriglumin  Halii).  \=^leffionis  SM. 
=lugubre  ItoGBRJ,  eU:.)  do  not  build  or  excavate  any  nests.  They  lives 
wandering  life  and  merely  occupy  with  their  extremely  numerous  coto- 
Dies  spacious,  naturally  sheltered  places,  such  as  hollow  trees  or  shmhs, 
in  which  they  live  rolled  up  together  in  immense  clusters  (one  cluster 
of  antfl  and  brood, measured  by  Dr.  W.  MilUer,  which  did  not  compose 
*>alf  til  -isured  in  an  etherized  state  5,600  cubic  centimeterej. 

ela  'rstcolleut^HlbyDr.  W.  Jlullei' and  examined  by  me 
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lie  at  liberty  amoag  the  ants,  and  are  cfurried  by  them.  The  robbing 
expeditiuna  are  nndertaken  id  the  daytime,  and  the  booty  is  carried  to 
the  migratory  iiest,  where  it  serves  chiefly  as  food  for  the  larvie. 
"When  one  locality  has  been  safflcieotly  pillaged  the  whole  colony 
migrates  tv  another  resting  place.  These  latter  migrations  with  t>ag 
and  baggage,  that  is  to  say,  with  the  brood,  take  place  exclosively  at 
night. 

Far  less  is  known  about  the  nests  of  the  blind  species  of  EeiUm  and 
the  entirely  blind  migratory  ant  genera  Dorjfttu  and  jUnietut,  whone 
workers  had  previonsjy,  like  the  male  of  EctUm  (loMdtu),  been  classed 
as  separate  genera  ( I^Afojwiie  Wbstw.  and  TifpUatta  Smith),  because 
their  connection  with  the  previously  described  males  was  iiut  yet 
koowu,  I  have  myself  seen  Dorylta  juveneultu,  at  Uab^s.  South  Tunis, 
hunting  under  ground.  The  winged  males  of  Oon/lttt  jurtncntut  Fib. 
{badifu  Gebst,),  Ecilon  hettckkoi  Hayb,  and  ^Enictm  vrougkloHii 
PoKBL  have  been  seen  creeping  out  of  the  ground  in  oomiiany  witli 
workers  and  Hying  away.  The  very  nest  of  Dtnylut  k^trolus  was  dug 
np  by  Trimen,  who  found  the  female.  Nothing  more  definite,  however, 
is  known.  Are  the  plunderrd  nests  of  other  ants  used  for  the  moment 
as  migratory  nestst  Are  there  here  nocturnal  migrations,  too,  and  not 
robbing  exi)edition8  onlyl  The  future  mnst  tell  us.  At  all  events, 
judging  by  the  observations  made  np  to  this  time,  including  my  own, 
Dorglug  and  ^niettu  ap]>eM  to  prefer  the  neighborhood  of  human 
habitations,  and  to  fight  under  ground  with  other  auts. 

10.— BOAD  BUILDING. 

Certain  European  a-ut&,  Formica  ntfa,  F.pratensu,  and  Latiia  fuUgi- 
nosug,  baild  genuine  roads  in  oar  meadows.  The  finest  and  best  finisbeal 
are  those  of  Formica  praten»ia  De  Ueeb.  A  meadow,  as  has  already 
been  said,  is  a  primeval  forest  to  the  auts.  If  the  auts  are  likeFonnim 
prateTwix,  rather  large,  and  if  they  are  compelled,  Uke  that  Hjiecies,  to 
drag  home  all  kinds  of  timbers  as  bnildiug  materials,  as  well  ax  animal 
booty,  a  meadow,  which  otherwise  famishes  them  with  the  finest  hunt 
iug  groinids,  presents  terrible  obstacles.  Formica  pratnun»  is  awk 
ward;  we  need  only  notice  what  inexpressible  difficulty  it  hat*  in 
making  its  way  with  a  load  through  the  thicket  of  blades  of  grass  in  a 
meadow,  how  constantly  the  load  is  getting  wedged  between  them,  and 
what  incredible  patience  and  i>erseverance  the  insect  diH])lays  in  thr 
effort  to  go  forward  to  nnderatand  the  object  of  the  roads.  The  nwl 
building  of  Formica  pralenn»  presents  one  of  the  most  wonderful  di« 
playsof  animal  instinct  that  1  know  of.  Several  snch  roa<ls  rai]iat«  with 
great  regularity  firom  one  of  the  larger  nests  of  this  H])ecieff  lying  in 
a  meadow ;  I  have  counted  from  three  to  eight  and  even  twelve  of  tliem 
(so  large  a  number  is  rare  and  occurs  only  in  the  case  of  very  large 
nests).  It  can  be  seen  that  these  roads  lead  mostly  to  trecH  or  shrubn 
on  which  the  auts  climb  up  in  mnltitudaa  f u  order  to  milk  th^^lflut 
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lice.  The  road  it«elf  is  kept  vety  clean,  is  fl?om  2  to  4  ceDtimetentn 
width,  and  is  made  more  or  lees  ooncaTe  lateraUy.  Not  only  is  no 
movable  object  allowed  upon  it,  not  ooly  is  it  kept  always  cleau  aad  in 
good  order,  but  the  ants,  with  the  expenditore  of  incredible  toil  aod 
streogtb,  saw  off  with  their  maudibles  every  blade  of  grass  thai 
attempts  t^  grow  in  tlie  road,  as  tbey  previously  sawed  off*  all  those 
wbich  were  in  exi8t«iioe  when  it  was  first  ronetrocted.  Where  the 
tufts  of  grass  are  too  thick  and  strong,  tbey  go  aronnd  them,  it  is  tme: 
but  tbe  roads  usaally  run  comparatively  straight  to  their  destiDatiiin. 
Many  of  them  are  gradually  lost  in  the  grass;  bat  as  a  rale  they  ran 
be  followed  to  a  distance  of  20,  30,  40,  and  in  many  cases  50  meters 
from  the  neet  One  must  watch  long,  closely,  and  above  all  in  the 
spring,  to  see  and  nnderetand  tbe  road  bailding,  and  to  avoid  the 
iuipresniou.that  tbe  road,  as  certain  authors  have  thonght,  comes  into 
existence  of  itself  throngb  the  footsteps  of  the  ants.  These  roads  are 
very  nnnierously  frequented.  AH  the  building  materials  and  forage  i 
are  first  dispatched  to  the  nearest  road,  so  that  they  may  be  carried 
comfortably  iVom  there  to  the  nest.  As  Formica  praUnait  has  v«7 
defective  imwers  of  smell,  and  is  not  skillfol  in  ftndiug  its  way,  the  roads 
are  also  of  great  advantage  to  it  in  this  respect.  There  are  only  two  l 
directions  on  them,  and  it  is  no  longer  compelled  to  search  laboriously  j 
for  the  right  way.  It  can  be  seen,  too,  how  rapidly  and  confidently  th^  I 
ants  move  to  and  fro  on  their  roads,  in  contrast  to  their  behavior  in  the 
grass.  (Compare  Forel :  Collections  of  Swiss  Zoology,  Yol.  IV,  Xo.  4, 
1888.) 

The  agricultural  ants  of  Texas  {Pogonomyrmex  barbatut  Smith,  P. 
molefacient  Buckley  )  make  a  large  clearing  around  their  uests,  accord- 
ing to  LintKCuni  and  MacOook,  and  numerous  roads,  in  addition,  by 
sawing  off  the  blades  of  grass,  like  our  Formica  praten»i». 


Even  among  us  in  Switzerland,  a  close  investigation  of  the  meadows, 
the  dry  declivities  of  the  mountains,  the  clearings  of  tbe  wooils  and 
thickets  sufiices  to  show  us  si>eedily  that  almost  ererytbing  ia  invaded 
by  the  structures  of  ants.  Where  there  are  no  actual  nests  there  are 
underground  passages  and  galleries,  open  roads,  covered  wajrs,  or,  at 
least,  the  inhabitants  of  neighboring  nests,  who  are  scouting  aroand 
and  coutending  with  one  another  for  the  possession  of  the  plants  con- 
taining plant  lice  and  cochineal  kermea,  of  the  trees,  the  flowers,  and 
tlie  insect  plunder.  I  have  even  seen  young  birds  which  had  just 
slipped  out  of  the  nest  killwi  and  devoured  by  Formica  prateMit  ia 
spite  of  tbe  frantic  rage  of  the  parent  birds.  The  ants  certainly,  no 
less  than  men,  fancy  themselves  the  lords  of  creation,  for,  thanks  to 
their  social  organization,  their  numbers,  and  their  courage,  they  bare 
few  foes  to  fear;  tUeh'  most  formidable  enemies  are  always  otber 
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^ntB,  just  as  meu  are  for  oth«r  men.  In  the  tropical  world  tbe  stru^- 
S;le  for  exjsteuce  is  macli  fiercer  tUau  with  us,  and  tbe  aats,  with  their 
immense  uuuiber  of  species,  play  a  much  more  important  part.  Their 
uest  structures  there,  t«o,  are  correnpoutliugly  Car  more  varied,  and 
display  far  more  singular  aud  complicated  adaptations  aa  the  resulta  of 
Uie  tight  for  life.  The  future  will  develop  many  still  more  astouishiug 
discoveries. 

We  will  now  only  give  a  glance  at  the  most  ordinary  aut  stnictureM 
w^ith  respect  to  the  niiture  of  tiie  ground. 

In  the  meadows  we  flud,  above  all,  the  mound  structures  of  earth,  hut 
Bide  by  side  with  them  the  mixed  mouuds  of  Formica  pratenaU,  tan- 
guinea,  aiid  presailahru,  t4>gether  with  pure  excavated  nests.  Ou  detri- 
tus aud  declivities,  we  find  chietly  nests  under  stoues,  aud  the  ttame 
upon  mountaius  generally.  In  the  forest  we  find  the  mighty  mounds 
of  Formica  ritfa,  exaeetoidet,  and  eitecta,  frequeutly  gathered  into  large, 
united  kingdoms,  containing  many  nests  (polycallc  colonies),  and  u1m> 
the  tree  nests  of  Laaivt  fuliffinotua,  L.  brunnev^,  Camponotui  hercu- 
leanu*,  Liometopum  microc^kalum,  etc.  Genuine,  that  is  to  say  free, 
tree  uests  of  pasteboard  or  web  in  the  boughs  of  trees  do  not  occur  iu 
Bnrope.  Lastly,  in  the  forest  clearings,  thtt  edges  of  the  woods,  aud  iu 
thickets  we  find  a  rich  mixture  of  the  three  above-named  landscape 
types  with  respect  to  ants'  nests.  The  meadow  tyi>e,  the  forest  type, 
and  the  detritas  or  declivity  type  are  here  mingled  i>ellmell. 

The  nest  structure  in  the  desert,  as  I  have  been  enabled  to  learn  by 
observation  iu  southern  Tunis,  forms  a  peculiar  type.  There  all  is 
excavated  iu  the  sand.  There  are  neither  mounds  nor  stones,  but  at 
most  hillocks  of  sand  arouud  the  openings  of  the  nests. 

My  object  has  been  merely  to  give,  by  the  aid  of  drawings,  a  clt-ar 
view  of  our  present  knowledge  of  tbe  uest  building  of  the  ants  and  to 
communicate  some  new  facts  in  conuectiou  with  it.  i  trust  that  I  have 
succeeded. 

To  conclude,  it  is  a  pleasoreto  me  to  express  my  warmest  thanks  to 
my  friend  Mr.  Ludwig  Schroter  for  his  successful  drawings;  to  Professor 
^hroter  for  his  kind  assistance,  his  snggestions,  aud  his  advice;  and 
to  the  persons  who  procured  me  my  excellent  materials,  especially  niy 
iriends,  Mr.  VVroughtou,  Dr.  Frick,  Professor  Emery,  Dr.  Lieugme,  aud 
Professor  Mayr. 

EXPLANATION  OP  PLATES  LV,  LVI. 
Fig.  1.  A  gall,  inhabited  bf  PolyrliackU  gerttacktri  t'oKKL,  fruin  Ih^Ugoa  Bkf,  t>o[itb 
AirU-a;  collected  by  Dr  Lieugme.     Ome-siitb  lewi  tlisn  the  natDral  size. 

A.  The  gall  from  the  ontaide;  op.,  thr  agreiw  opeoiut;  ut  th»  gall  protltici-r, 

QAed  b;  the  utti. 

B.  LomgitadiDal  iectiou  tbroagh  tbe  gall,  abowiog  tbe  cavity  and  ile  filling 

of  web  and  a  half  partition. 
Pig-  'i.  Long! tiidi Dal  croae  acctiou  of  the  vtalk  of  SoiawtM  aurictilaltim,  from  AntM)*- 
oarivo,  Madagaaoar,  inbabited  bj  TeekuomfnMt  albiptM  HMrrH ;  catlect«d 
by  Pire  Cambonj.    The  marrow  of  tbe  stalk  baa  been  tiividad  by  tb* 
anti  into  eliamben.    Two-tblnls  natural  bIm.  ^^   CiOOqIc 
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Fig.  3.  A  luaf  of  Bugmia  janbolana,  the  ceUnUr  tiwae  of  which,  betweea   the  t«v 
BurracM,  has  been  eaten  ont  I>;  a  wurm,  and  which  haa  tlien  bsen  inhab- 
ited b;  Catdioamdyla  wroKgktonii  FoRKi-    Collected  at  Poonab,  India, 
by  Hr  Wroughton.    Two-thiids  nntural  size. 
Fig.  4.  Paateboatdiiestof  PolyrKocki*  OMjrri  Roger,  half  open,  ahuwiag  the  ttiteri<»; 
resting  upon  a  leaf.    From  Ceylon;  collect«1  by  M^or  Yerbnry.     Tw»- 
tliirde  natural  Hiie. 
Fig.  5.  A  iiest  of  L^totkoriu  actrvoTMm  Fab.,  excavated  in  the  cork  layer  of  the  bark 
cf  a  Gr  j  spread  ont  flat.    Croas  section  along  the  plane  of  the  nest;  an 
ojMining  at  a.     From  Switzerlaud.     Two-thirda  nntural  size. 
Fig.  6,  Piece  of  a  double  ueat  of  Fontira  fittea  L,  and  Solenoptii  fugax  Laxr,,  rol- 
lected  by  me  near  Zurich  and  preserved  by  impregnatioo  with  ahellac. 
Two- thirds  natural  site. 

W.  The  plane  of  separation  in  the  walls  of  the  neat  uf  formica. 

For   Kxcavatious  of  formica  fiitoa  (recognizable  by  the  coarser  grain  and 
the  greater  width). 

&.  Excavations  of  Soletiop^  f»ga3:,aiaAoia  the  walls  of  the  nest  of  ftn-mir*, 
recognizable  by  the  fine  grain. 

S.  o.  Openings  of   the  passages   which    connect   the   larger   cbainI>ariB  of 
Soltnaptit. 
Fig.7.  Webof  ra(yrft(icAi«dii^e(SM.,  fromtbeEast  Indiea.     Microscopic eulargeiuMit; 

Hartnacli,  System  IX. 
Fig.  8.  Neet  of  PofyrAncAli  apinigera  Hatr,  from  Foonah,  India ;  from  a  slcetcb  by 
Mr.  It,  C.  Wroughton,  divisional  forest  officer  at  PuouhIi.  Tbe  neat  lies 
nnder  a  stone  and  is  excavated  io  the  ground,  but  is  lined  with  a  fine 
web,  aa  Mr.  Wroughton  has  repeatedly  verified.  The  Ugiire  repre««oM 
au  imaginary  cross  section,  somewhat  smaller  than  the  uatural  size. 

St.  Tbe  stone. 

Gr.  The  ground. 

W.  The  web. 

Op.  The  opening  for  ingress  and  egress. 

Cell.  The  nest  excavation. 
Fig.  9.  Fragment  of  the  mound  of  a  ground  nest  of  Laiiua  mger  L.,  from  Zurich. 
We  see  how  bladee  of  grass  and  leaves  are  iiseil  as  pillars,  arches,  etc., 
in  the  masonry.     Two-thirds  uatural  aize. 
Fig.  10.  Nest  web  of  (Ecc^hylla  tmaragdina  Fabk.,  received  ttom  India,  through  Mr. 
Wroughton.     We  see  from  this  fragment  how  the  leaves  of  a  tree  are 
united   into  a  nest  by  means  of  the  web.     W,,  tbe  web.    Two-thirds 
natural  size. 
Fig.  II.  Flat  sarface  of   tbe  head  of  a  soldier  of  Colohop^t  (maoafa   Spin.,  from 
Vaui,  Canton  Waadt,  Switzerland,  seen  froui  the  ft'oiit,  and  magnified 
ten  times. 

Man.  Upper  jaw, 

C.  Cheeks. 

¥.  Forehead. 
Fig.  12.  Per|)eudicular  cross  section  of  the  neat  of  Topinoma  erraficHM  Latk.,  from 
Vaux,  Canton  Waadl,   Switzerland.      Preserved   by  me   by   means  of 
impregnation  with  silica.    Twu-thinls  natural  size. 

1>.  Temporary  mound  of  earth. 

Int.  Interior  of  the  ueat,  with  its  natural  ftamework  of  blades  uf  grass. 

Min    Beginning  of  the  uiidergrouuil  excavated  part  of  the  nest. 

Or.  Cross  seotion  of  the  ground. 
Fig.  13.  Cross  section  uf  a  fragment  of  a  nest  of  Colobopaii  Inmcala  Spinoui,  exca- 
vated in  tbe  wowl  of  a  dead,  I>ut  extremely  hard,  peur  tree.     Fonod  by 
me  at  Vaux,  Cant^m  Waadt,  Switzerland.     Four-thirds  natural  size. 

Oh.  Bxcavatiou*  of  the  nest  in  the  wood. 
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Fig.  13 — ContioQ^d. 

B.  Bark  of  tbe  bough  of  ths  pear  tree. 

O.  Opeaing  of  the  Dent  outward,  and  head  of  a  soldier  of  ColobopiU  tmnoaUt, 
vibo  is  guarding  thia  opening,  or,  Tuther,  vho  is  keeping  it  cloaed  with 
hia  head,  as  with  a  sUipper.     Tbe  soldier  is  etauding  in  the  egresa  pas- 
sage, which  is  seen  in  cross  secUou. 
W.  Two  workera  of  ColoboptU  Imnoala,  one  in  tbe  nest,  tbe  other  outAlde, 
hruTjiiig  to  tbe  entrance,  where  the  soldier,  drawing  buck,  will  make 
room  for  him  for  a  moment. 
FiK-  !*■  Cross  section  of  the  iMuudo  bulb  of  HyifiMpiisrfiim  noMioniim,  rocuived  from 
Java,  through  Dr.  A.  Frkk,  of  Zurich.    Photograpbod  in  one-third  of  tbe 
natural  size.    Tbe  stalk,  the  leaves,  and  the  root  of  the  plant  are  also 
seen  (see  text). 
Fig.  15,   Pasteboard  iiust  of  Dolieh^tderat  biluberculalHt  Mavk,  ou  the  bough  of  a  tree. 
Received  from  Bangkok,   Siatn,  from  the  late  well-known  turner,  Mr. 
i^iSKi  "l  Zurich.     In  order  to  show  the  interior  labyrinth,  a  portion  at 
the  nest  has  been  removed  by  a  flat,  perpendicular  out.     Photographed 
in  one-third  of  the  naturul  size. 
Surf.  Surface  of  the  cut  and  inner  labyrinth. 
U.M.  Natural  upjier  nurfuce  of  tbe  uest. 

Br.  A  small  branch  of  tbe  main  bough,  cut  through   and  inclosed   in  the 
nest.     Tbe  ui«t  rests  upon  tbe  main  bough. 
Fig.  16.  Web  of  Polj/rliaL-hu  ipinigera  Mavr,  from  Poonah,  India-  received  ham  Mr. 
Wroughton.     Microecopic  eulaigemeut;  Hartuack,  SyHt«m  IX.     (Com- 
pare lig.  K,  (iesp.) 
Fig.  n.  Nest  wall  of  roliirhacku  jtrtUmii  Kurkl,  from  Cejli)n;  receiveil  from  Major 
Yerliury,   through   Mr.   Wrougbton.     Microsoopii^   eniurgemeut;   Hart- 
uack, System  VII. 
Fl.  Small  flakes  of  vegetable  matter. 

Web.  Hpnn  net  of  tbe  ants,  by  means  of  which  these  flakes  are  Joined 

together  in  a  web. 

Fig.  IH.  Apie('«of  the  nest  pasteboard  of  Dolicliodenii  bupi»otiisOuv.,  fiom  tropical 

America;  received  tbrouub Professor  Emery.     Microscopicenlargeiiient; 

Hartaack,  System  IV. 

Fib.  Vegetuhle  Bhers  (of  Booibaj:  ceiba  L.)  of  which  the  iieit  iiosrebuanl  is 

composed. 
Cem.  Ant  cement,  or  lac,  by  which  the  vegetable  libers  ore  gliieil  together 

or  fastened  (of  a  bright  yellowish  or  brownish  color). 
Mesh.  Empty  meshes  left  by  the  nest  walls  betweeu  tlieiu. 
Fig  19.  (Seeteit,  p.  487.) 

N.  11.— All  the  flgures,  except  lig.  8,  were  drawn  or  photograiiheil  (Hgs.  14  and  15) 
frniD  nature  by  Mr.  L.  Bubroter.     1  myself  drew  only  lig.  11  and  tbe  auts  in  fig.  10. 

Theonginalsof  figs.  1,2,3,4,7,10,14, 15,  IG,  17,  and  18  are  in  my  i-oUi'ctioii',  Ibose 
of  fig».  5, 6, 9, 12,  and  13  are  in  the  eutomoiogical  collection  of  tbe  Museum  of  tbe 
Federal  Polyt«cbuiknm  (my  foriuer  cullectioo  of  European  auts'  nests). 
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THE  EVOLUTION  OF  MODERN  SOCIETY  IN  ITS 
UISTOEKiAL  ASI'BCTS.' 


By  H.  I).  Melville. 


Tbe  key  to  the  enigma  of  tlie  universe  is  fonod  in  the  doctrine  of 
evolution.  Far  ftttm  being  the  purely  tooderu  theory,  as  whicli  it  iHSO 
generally  regarded,  it  is  merely  a  redevelopment  of  the  theory  of  a 
certain  school  or  syatem  of  Brahman  philosophy — that  of  Kapila,  which 
dates  ftttm  at  least  Ave  hundred  years  before  OUriHt.  This  system 
"assnmes  the  existence  of  a  primordial  matter  from  all  eternity,  oat 
of  which  the  universe  haa,  by  successive  stages,  evolved  itself."  So 
our  theory  of  evolution  is  no  new  idea  after  all,  though  perhaps  much 
more  definite  and  particular  than  that  of  tbe  Eastern  philosophers. 

To  the  physical,  animal,  vegetable,  and  even  mineral  worlds,  the  doc- 
trine of  evolution  equally  applies,  and  its  significance  is  not  confined 
to  a  necessary  connection  between  the  terms  "evolution."  "man,"  and 
"monkey,"  so  often  nowadays  found  unalterably  associated  in  the 
minds  of  the  ignorant.  The  doctrine  is  a  fundamental  conception  of 
all  science — mental,  moral,  and  physical. 

In  the  last  of  these  divisions,  viz,  physical,  with  which  our  subject 
starts,  from  the  Amceba,  the  lowest  existing  form  of  animal  life  (the 
single- celled  protoplasm),  to  the  humau  being,  the  highest  existing 
development  of  protoplasmic  organism  and  the  most  complex  and  com- 
plete creation  in  nature,  all  is  the  history  of  evolution.  The  history 
of  the  individual,  with  which  our  inquiry  more  particularly  deals,  is  a 
particular  example  of  the  universal  history  of  the  human  family — the 
story  of  the  evolution  of  mind.  And  the  story  of  mental  evolution  is 
the  history  of  the  evolution  of  morals. 

As  we  mn  up  the  scale  of  organism,  passing  from  the  simple  to  the 
more  and  more  complex,  we  are  forcibly  struck  by  the  at  once  close 
connection  and  yet  wide  separation  between  mere  animal  and  human 
life.  Organically  and  physically  the  same,  the  separation  lies  in  that 
mental  constitution,  using  the  term  in  a  higher  and  more  strictly  philo- 
sophical sense.  Yet,  where  the  physical  ends  and  the  mental  begins  is 
impossible  definitely  to  determine. 

'From  tLe  WestmiDster  Review,  March,  169G,  Vol.  CXUII,  No  3;  by  pemuHion 
of  tlM  Leonard  Scott  Publioation  Company,  Kow  York.  f  •■  ~,  -.  ,1  -, 
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It  is  the  history  of  that  mental  constitatioo  in  its  developmeot  that 
we  propose  here  to  trace  id  its  general  aspects.  That  history  is  the 
story  of  the  evolution  of  society. 

To  trace  the  evolation  of  society  is  to  trace  the  growth  of  minU  sab- 
seqaently  to  the  evolation  of  the  individual.  Our  task,  however,  is 
somewhat  easier  than  it  lias  been  in  the  earlier  atage»  of  oar  inqoiry. 
We  have  larger  facts  and  stronger  evideoces,  while  the  periods  of  time 
to  be  considered  are  infinitely  more  adapted  to  the  grasp  of  the  ordi 
narj-  mind.  Instead  of  dealing  with  thoosands  and  tens  of  thoasanda 
of  years,  as  ciphers,  we  work  with  centaries  aad  decades.  We  employ 
analysis,  synthesis,  and  criticism;  but  oar  materials  are  larger.  We 
do  uot  require  such  minute  analysis,  sach  exact  synthesis,  or  such  crit- 
ical discrimination  as  were  necessary  in  earlier  investigation. 

Society,  as  we  shall  use  the  term  here,  mast  be  nnderstood  in  its 
widest  significance — that  aggregation  of  bodies  of  indinduals,  irhicb 
bodies  in  themselves  constitute  a  "society"  (in  a  secondary  sense),  a 
"polity,''  or  a  "state."  Each  of  those  secoudary  societies  or  states, 
which  go  to  form  the  widest  conception  of  society  as  a  whole,  are,  in 
onr  enlarged  snbject,  as  the  individual  is  to  the  commnnity  in  wtueb 
be  id  ]ilaced.  We  sslid  that  the  individaal  was  the  highest  point  reached 
in  the  evolution  of  organism.  Society  as  a  whole  is  the  highest  point 
attained  in  the  evolntionof  the  individnal,  which  is  merely  a  farther 
8t4^e  iu  the  evolation  of  mind. 

Dr.  II.  I>.  Traill,  whose  name  most  be  toniliar  to  all  in  the  field  of 
intellectual  investigation,  says:  "  Every  civilized  society  is  in  the 
nature  of  an  organism,  the  shape  and  direction  of  whose  evolution 
depends  in  part  upon  the  action  of  internal  forces  and  in  part  upon 
the  influence  of  sarronudings."  The  fundamental  principles  of  evolo 
tion — "  struggle  for  existence,  adaptation  to  environment,  survival  of 
the  fittest" — all  apply  here,  just  as  to  the  individual  animal  life. 

The  study  of  evolation  in  all  its  branches  is  the  study  of  history; 
but  history  of  difl'ereut  kinds.  The  study  of  the  evolution  of  society 
is  history  in  itK  highest  and  truest  sense.  It  is  the  study  of  man  in  his 
advance  from  barbarism  to  civilization,  from  civilization  to  cultnre,  and 
of  the  principles  and  insttttttions  which  have  aided  his  upward  march 
and  develoi>ed  his  present  character.  In  it  we  read  the  story  of  prog- 
ress. We  see  it,  to  use  the  common  but  appropriate  metaphor,  like  » 
little  spring,  babbling  up  from  the  rocky  soil,  ever  in  danger  of  being 
dried  up.  It  moves  on — a  tiny  rivulet — whispering  and  gargling,  yet 
ever  enlarging  as  it  goes.  The  rivulet  becomes  a  stream ;  the  opposing 
pebbles  become  great  stones;  the  stream  grows  to  a  river,  a  great  toI- 
nme  of  water,  deep,  stnmg,  aud  irresistible,  cutting  out  channels  for 
Itself,  overcoming  all  ii)>-it)icles,  leaping,  circling,  and  falling,  till,  as 
Kingsley  v"''s  it — 

liid  &M,  ttraDg  and  ftea, 
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aiki  the  tiny  rivulet,  swelled  to  a  mighty  river,  "  loses  itmlf  in  the 
infinite  niaia."  It  is  difficult  for  ns  to  realize  that  the  man  of  the  |>res- 
ent  <lay — the  bridger  of  ocean  and  air,  the  tranticeudentul  ntndent  of 
the  infinite,  the  scientific  explorer  of  the  aniverse — is  "the  seifsame 
being,  the  same  in  form,  in  mind,  in  destination, as  the  poor,  creeping, 
untutored  savage  who  ages  ago,  in  his  weakness  and  ignorance,  lookt^ 
npon  the  little  earth  aroaud  him  as  the  whole  of  creation,  upon  the 
ocean  as  he  knew  not  what,  reaching  be  knew  not  where;  and  who 
stood  gazing  with  mingled  fear  and  admiration  as  the  fires  of  heaven 
^t*>rnately  rose  and  set,  glimmered,  and  faded  away." 

This  is  the  conception  of  man — the  individnal,  the  protoplasm  of 
society — with  which  we  enter  npon  onr  investigation;  in  the  present 
instance,  a  mere  sketch. 

Ori^nating  in  the  individnal,  society  is  represented  in  its  first  stage 
by  the  family.  This,  as  we  know,  formed  the  basin  of  the  Hindoo  com- 
manity,  the  Orecian  State,  the  Roman  State;  and  we  have  analogons 
evidence  to  prove  that  it  was  the  foundation  of  all  other  earlier  com- 
munities besides.    This  was  soctiety  in  its  patriarchal  st^ige. 

In  onr  present  investigation  it  is  advisable  to  proceetl  upon  certain 
definite  lines.  We  shall  better  attain  onr  object  now  by  tracing,  by 
general  indication,  the  gradual  growth  and  development  of  manners, 
customs,  religion,  laws,  indnstry,  arts,  leaniing,  literature,  scientific 
knowledge,  and  institntions.  These,  in  the  order  enumerated,  I  con- 
ceive to  be  the  outcome  of  social  evolution.  In  its  earliest  stage — the 
patriwhal — only  the  fin^t  two  or  three  of  these  characteristics  existed 
or  could  exist  in  any  definite  form.  Manners,  custom's  and  religion,  in 
""  however  crude  aform,  exist  wherever  we  have  the  nucleus  of  a  society. 
Laws,  as  such,  were  a  later  development,  their  place  in  early  communi- 
ties being  filled  by  custom — an  arbitrary  code  sometimes  marvelously 
allied  to  natural  justice,  at  other  times  subverting  all  modem  <-oncep- 
tions  of  that  moral  law.  The  rule  of  life  at  this  period  was,  generally, 
"might  is  right,"  the  only  rule  practicable  in  an  age  when,  ac4.-ordinK 
to  the  philosopher  Hobbes,  all  men  were  in  a  state  of  hostility  tv  each 
other,  and  each  man  took  as  he  was  able,  by  the  strength  of  his  arm. 

The  nature  and  general  treatment  of  our  i«ubject  euable  us  to  pass 
over  the  first  beginniugs  of  anything  like  »  concrete  sw-iety,  and  take  up 
the  thread  at  that  [KHut  where  laws  and  <Mmmerce,  being  widcti  to  cus- 
toms, manners,  and  religion,  were  beginning  to  mold  the  whole  body  of 
society  into  something  like  a  definite  form.  Arbitrary  cnstoniH,  prim 
itive  manners,  religious  forms  and  reremouies  are  now  modifietl  and  \ 
improved.  The  unwritten  law  of  custom  is  now  expressly  stated  as  law, 
and  the  first  real  step  is  taken  in  the  practical  organization  of  socit-ty. 
We  And  this  situation  realized  in  Kome  at  the  time  of  the  republic,  at 
and  for  some  time  after  the  publication  of  the  famous  Dect-mviral  ('wie 
known  as  the  Twelve  Tables.  At  the  same  time  intercourse  with  aliens, 
tat  sale  aud  barter  and  exchange  of  commodities,  begins  to  exercise  a 
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marked  influence  upon  social  developiDent.  From  Ibis  point  our  coarse 
is  clear.  We  can  uut  enter  into  particularn ;  tbat  is  impossible  here; 
neither  van  we  trace,  even  in  barest  outline,  the  course  of  the  history 
of  the  world  and  its  peoples.  It  is,  however,  generally  understood  tbat 
the  history  of  society — social,  moral,  and  political — is  the  history  of 
European  peoples ;  and  of  these  the  course  of  progress  is  traced  in  the 
history  of  a  certain  few.  N^ot  that  we  can  exclnde  Asiatic,  African,  or 
American  races  from  the  conception  of  society  as  a  whole,  but  only  in 
so  far  as  these  have  advanced  a  certain  length,  while  oar  inquiry  is 
from  the  lowest  to  the  highest  {wsition  yet  attained,  we  mast  leave 
these  lagging  societies  behind,  and  follow  that  gmrtion  of  the  human 
ra^e  in  the  van  of  the  army  of  progress.  Oar  course  is  marked  by 
many  great  landmarks,  impossible  to  be  mistaken,  and  every  one  sig- 
.  niflcant  in  a  peculiar  degree.  These  landmarks  are  social  revolatiotis. 
A  certain  writer  (Edgar  Quinet,  I  think,  but  can  not  at  this  time  verify) 
said  that "  great  revolutions  are  the  prominent  and  enduring  landmarks 
on  the  highway  of  the  world,  far  raised  above  all  surrounding  objects 
pointing  the  progress  not  of  particular  nations  bnt  of  the  hamau 
race." 

Our  first  baiting  stage  is  on  tlie  rains  of  the  Roman  Empire. 

The  social  question  and  society  as  we  understand  it  to-day  bad  its 
,  rise  in  the  feudal  system.  And  this,  for  so  long  a  net  about  the  feet  of 
the  world,  was  yet  a  beneAt  in  disguise  of  an  evil  adapted  to  the  age  in 
which  it  donrisbed.  As  snow  enveloping  the  earth  iua  mantle  of  white 
renders  all  external  things  bleak,  bare,  and  unpromising,  yet  under  its 
c;old  covering  keeps  warm  and  living  the  seeds  tliat,  when  the  doe  time 
comec,  will  burst  and  beautify  the  face  of  nature,  so  the  feudal  system 
envelop(*d  society  for  nine  centuries  in  a  cloak  of  darkness;  yet  under- 
neath it  nourished  the  spirit  and  the  principles  which,  when  the  time 
arrived,  burst  forth  and  blossomed  into  rational  institutions  and  made 
the  world  what  it  is  to-day.  But  the  feudal  system  had  its  rise  when 
Rome  had  lost  her  greatness  and  been  humbled  in  the  dust;  when  the 
Itoman  character  as  much  resembled  the  ancient  conception  of  old 
Cato  the  Censor  as  an  Anglo-Saxon  of  the  Conquest  resembles  an  Eng- 
lishman of  the  present  day. 

When,  in  course  of  time,  Roman  conquests  embraced  every  part  of  the 
then  civilized  world  and  every  king  or  prince  yielded  obedience  to  her 
authority,  then  waa  the  time  that  sealed  her  fate.  The  old  Itoman 
character  was  sapped  and  enervated  by  wealth  and  luxury.  The 
Roman  conquests  were  maintained  by  mercenaries,  her  public  offices  and 
funds  were  filled  and  controlletl  by  aliens  and  self-seekers.  Abandon- 
ing herself  to  ease,  yetnitli  the  lust  of  conquest  still  as  strong  as  ever, 
she  intrusted  her  rule  to  the  hands  of  a  few  and  watebed  the  course  of 
events.  Her  Empire,  spreading  on  every  side,  at  last  overbalanced 
itself.  She  was  drawing  her  life  from  her  extremities.  As  these  fell  or 
'«d  away  by  corruption  she  grew  weaker  and  weaker.  Her  officers, 
n,j-,,-...ih,C00c^lc 
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left  practically  to  their  own  discretion  aiid  resoarccs,  worked  for  their 
on-n  advantage.  The  rights  of  her  people  were  oDe  by  one  iuvaded. 
TaxeK  were  levied,  growiug  heavier  as  the  luxury  aud  vice  of  those 
in  authority  grew  greater.  At  last  all  nnity  was  lost,  and  the  last 
scene  of  the  last  act  came.  Itome  tried  to  rise  to  the  oc^casion,  hat  her 
strength  had  left  her.  Barbaric  hordes  poured  in  a[>on  her  frooi  every 
side  and  ingulfed  her.  "On  the  ruins  of  the  splendid  temple  now 
stood  the  hot  of  the  savage,  and  in  place  of  the  polished  and  once  noble 
Koman  now  stalked  the  Ostrogoth,  the  Viajgotb,  and  the  Saxon." 

Id  the  fusion  of  the  Romnn  and  Teutonic  elements  the  feudal  Rystem 
was  bom.  The  Roman  Empireon  its  death  bequeathed  a  precious  legacy 
to  the  world — a  mighty  intellectaal  influence,  a  noble  literature,  and  a 
system  of  law  which  changed  the  destiny  of  society.  It  is  said  that 
many  people  do  more  by  their  death  than  by  their  life.  The  reason  its 
obvioaa.  So  it  is  with  institutions  and  societies.  Had  liome  lived, 
her  rapid  degeneracy  would  have  polluted  the  world  to  all  time.  But 
she  ilieA  in  time  for  her  past  greatness  to  l>e  remembered  and  exalted 
and  for  her  shame  to  be  forgotten. 

After  this  the  wave  of  progress  swejtt  over  France  and  Germany  and 
across  the  English  Channel,  till  it  found  a  barrier  aud  a  basin  in  the 
British  Islands.  In  its  coarse  it  left  the  places  over  which  it  swept 
damp  and  dreary,  bat  with  a  freshly  moistened  soil  fitted  to  produce 
great  crops. 

From  tiie  eleventh  to  the  seventeenth  centuries  Britain  is  si>oken  of, 
and  troly,  as  "the  keystoneof  history"  and  the  battlefield  of  freedom; 
and,  to  quote  from  an  anonymous  writer  of  vivid  style,  "the  march  of 
religion,  of  liberty,  and  of  improvement  was  -  -  ■  over  the  soil  of 
Britain." 

The  second  great  landmark  in  our  course  is  the  Korman  ('oiujuest; 
chiefly  significant  in  its  fusion  of  the  elements  which  formed  the  char- 
acter of  a  nation  second  to  none  in  power  and  wealth  and  influence  at 
any  period  of  the  world's  history.  This  is  no  mere  boast.  The  impar- 
tial observer  can  not  fail  to  acknowledge  the  peculiar  characteristics, 
partly  due  to  circumstances,  partly  to  environment,  and  largely  to 
nature,  which  have  enabled  the  British  to  win  and  hold  an  empire  iu 
comparison  to  which  that  of  Bome  almost  sinks  into  insignificance. 
There  was  among  the  legacies  bequeathed  by  Rome  to  the  world  one 
destined  to  have  a  greater  influence  upon  its  fortunes  than  all  the 
others  combined.    This  was  Christianity,  or  the  Church. 

It  is  understood,  of  course,  that,  speaking  genenilly,  all  these  pro- 
gressive influences  worked  through  one  great  factor — knowledge.  The 
progress  of  this  agency  was  slow  but  sure.  After  the  fall  of  Bome  it 
was  opposed  by  a  vast  wall  of  ignorance  and  barbarism,  and  for  cen- 
turies was  at  work  unseen.  It  attacked  the  foundations  of  the  barrier. 
Working  silently,  gradually  making  a  passage,  ever  enlarging  the  same, 
and  as  the  passage  got  wider  the  stream  grew  fuller  and  stronger,  till 
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at  last  the  huge  fabric,  undennined,  came  crashing  tn  the  groand, 
opening  to  view  vaKt  viHtao  aiid  expanses  hitherto  undreamed  or. 

In  the  l>eginiiing  of  the  ninth  century  Britain,  in  common  with  the 
rest  of  Europe,  entered  iii>on  a  long  x>eriod  of  social  darkaesa,  which 
continued  almost  unbroken  until  the  fonrteenth  centaiy — we  might 
almost  say  to  the  middle  of  the  fifteenth  century. 

During  nil  tlii»  time  seance  a  ray  of  light  broke  tbron^h  the  dark 
mtats  of  ignorance  to  throw  ever  so  slight  a  light  npon  the  chainii  tA 
feuilalism. 

This  system  was  introdnced  into  England  by  William  ttie  Conijnenn 
in  the  eleventh  century,  primarily  to  preserve  his  own  soTereigu  iKtwer, 
secondarily  to  secure  national  liberty,  by  putting  a  check  ngtoo  <be 
strength  of  his  great  nobles,  who  in  wealth  and  followers  might  with 
some  reiison  attempt  to  match  their  power  against  that  of  tbe  King. 
But  in  England  the  system,  harsh  as  it  was,  never  obtained  the  same 
tromplete  ascendency  as  over  the  peoples  of  the  Continent;  never  so 
completely  obliteratetl  the  individnal  to  the  advantage  of  a  select  few. 
Even  at  that  early  [>eriod  the  prerogatives  of  the  sovereign  were  hedged 
in  by  certain  restrictions.  For  instance,  after  the  Conqueror,  we  have 
what  is  known  as  the  Charter  of  Liberties,  granted  in  the  year  1100  bf 
Henry  1  expressly  limiting  the  regal  prerogatives,  and  declaring  tlie 
liberty  of  the  laws,  the  people,  and  tbe  church.  Further,  it  bad  as 
an  end  the  repression  or  restraint  of  unlimited  feudal  rights  amongst 
the  nobles,  where  they  tended  toward  cruelty  or  oppression.  To  mn 
on  a  little  way,  and  passing  over  the  reigns  of  the  unfortunate  Stephen 
and  the  hasty  but  too  late  repentant  Henry  II,  and' the  chivniric  C<eur 
de  Lion,  we  meet  the  tlrst  great  landmark  in  oar  own  history  after  the 
Norman  Conque.st.  This  was  the  reign  of  the  infamous  John,  whcvje 
name  ia  even  yet  a  byword  for  cruelty  and  craft,  scarcely  less  signifi- 
cant than  that  of  Nero  or  Borgia. 

Through  his  reckless  disregard  of  anything  like  rights,  whethw 
natural  or  granted  by  charter  under  the  sacrecl  seal  of  the  sovereign 
oath,  John  brought  about  that  which  has  been  to  our  country  vbat  tbe 
Twelve  Tables  was  to  Rome,  the  Magna  Charta — "the  foundation,'^  to 
use  the  words  of  Livy  in  reganl  to  the  former,  "of  all  law,  both  publie 
and  private/'  At  this  time,  too,  we  note  the  meeting  of  the  first  national 
assembly  of  elected  representatives  in  Britain,  summoned  by  Stephen 
Langton,  archbishop  of  Canterbury,  at  8t.  Albans.  Its  object  wa8t« 
reform  the  abuses  ram^Kint  under  the  rule  of  John.  It  was  ba»ed  on 
the  charter  of  Henry  I,  which  we  have  already  mentioned.  The  sphere 
of  this  paper  does  not  allow  ns  to  enter  into  the  details  or  terms  of  the 
Charta,  beyond  stating  that  they  aimed  at  the  restraint  of  feudal 
oppreKsiou,  the  impartial  administration  of  justice,  and  the  recognition 
of  tbe  right  of  every  individual  to  the  protection  of  the  laws.  No 
doubt,  the  system  inaugurated  by  the  Magna  Charta  was  rnde,  unsci- 
entific, and  incomplete;  and  further,  it  can  not  with   auy  truth  be 
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designated  as  a  "  popular"  victoiy,  according  to  our  moderD  seuse.  The 
baroiis  at  tliat  time  were  the  only  "  people."  The  injustices  they  soagbt 
to  have  remedied,  though  affectiDg  high  and  low,  still  primarily  affected 
tbemselves.  Tbeir  honor,  or  their  power,  was  threatened  by  the  sov- 
ereign's arbitrary  dispensation  or  disregard  of  justice,  whether  coming 
directly  to  themselves  or  through  their  dependents.  But  the  Magna 
Cbarta  of  1215  is  important,  inasmuch  as  it  was  the  source  of  what 
are  at  the  present  day  the  stable  elements  in  the  British  national  life 
and  character — the  unsubduable  love  of  liberty,  the  system  of  limited 
monarchy,  self-government,  and  universal  representation.  These  are 
the  characteristics  which  have  goue  to  form  that  great  unwritten  and 
arbitrary  code,  the  British  constitution. 

After  this  little  digression  we  must  go  back  and  take  up  the  thread 
we  have  dropped.  The  significance  of  what  we  have  just  been  regard- 
ing will  be  evident,  if  not  now,  at  any  rate  before  we  have  finished. 

The  tenth  century  found  Europe  enveloped  in  almost  total  intellec- 
tual darkness.  Italy  and  Great  Britain,  destined  (the  first  again)  to 
become  afterwards  the  home  of  the  arts,  sciences,  and  culture,  at  this 
time  slept,  overcome  by  pernicious  fruits  of  servitude.  Frauce  and  Ger- 
many were,  if  anything,  intellectually  brighter.  Here  and  there  a  faint 
gleam  served  to  make  the  darkness  visible.  "Compared  with  the 
seventh  and  eighth  centuries,  the  tenth,"  says  Hallam,  "was  an  age  of 
illumination."  Still,  this  chrysalis  condition  of  society  continued.  The 
twelfth  centijry  shows,  in  France  particularly,  some  sign  of  an  awaken- 
ing mind.  lu  this  century,  literature — the  index  of  the  meutal  condi- 
tion— had  its  second  birth.  The  chief  sources  of  intellectual  progress 
at  this  time  were,  as  enumerated  by  Hallam,  (I)  the  institution  of 
universities;  (2)  cultivation  of  modcru  languages,  followed  by  the  mul- 
tiplication of  books  and  the  extension  of  the  art  of  writing;  (3)  the 
investigation  of  the  Roman  law ;  and  (4)  the  returu  to  the  study  of  the 
Latin  classics.  These  are  duo  in  lar^e  measure  to  the  growth  of  what 
is  known  as  scholasticisui,  originating,  it  is  supposed,  in  the  ninth,  but 
more  generally  attiibuted  to  Boscelin,  of  Compi^gne,  iu  the  twelfth 
century. 

About  this  time  the  universities  of  Paris  and  Bologna  were  founded, 
and  a  little  later  those  of  Oxford  and  Cambridge.  From  these  i>oiuts 
the  light  of  knowledge  was  diffused  over  the  world  till,  from  a  fnw  tiny 
glimmering  sparks,  arose  iu  time  a  brilliant  illumination.  The  dark 
clouds  of  ignorance  aud  superstition  were  gradually  melted  and  dis- 
persed as  the  strong  sun  of  reason  rose  higher  and  higher  in  the  intel- 
lectual sphere. 

This  brings  us  down,  iu  a  very  general  way,  to  the  beginning  of  the 
fifteenth  centnry,  the  period  known  iu  history  as  the  revival  of  learu- 
iug,  and,  a  little  further  on,  to  our  third  great  landmark  iu  the  road  of 
social  progress — the  fall  of  Gonstantinople,  iu  1453,  and  its  far-reac' 
effects,  constituting  what  we  understand  by  the  Kenaissance. 
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r  .y.  ./.  *.f  jir.j.  t.\T  If  z>  --w  V-,Fa«  to  skak«  aM  tht  fcctCfs  <rf  ^:mi- 
a-.".*,  f:  =.  :i  *  'lt^t  ■.•i»if»J  j-to»ii**  i*  by  kap$  aad  booB^s. 
«.-.—».■.  -e- --_'_'  •3f:.-.".cT*ii  =.-ri  ;<F  tbc  p^iocrd  »wak.^ung  ct  intdE- 
£'r.->-  a;.-: . .  ,'~rf.  TJ^*^  v*^:;*'  ibe  Kr.sttvumA  mr«iitian  of  printu? 
'oy  <i ■-■.-■_■—?_•.  ^f  i^:r*''-rz:  :a«  dij«>TciT  f4  Ancrica  id  149^:  tW 
%'j>*.-T  "f  Va«..  ■:<  r,a:L«  :^  Iir**:.  a&*L  Litest  and  ^naie^  tbe  Befiv- 
n..-  -a  -f  V.'.'.  T_*  K-'.-Ts^ryK.  i-  oor  f-«rtk  LumIms;^  ^M>tb«rof 
*--.;  iz.:*:'.'."-.  1^'.  i»rT.  la: .■■;.*.  »:jd  ttis  brisr*  b^  twaa  iBtonstiiip  sad 
i.-..;>/r;jL:  ::.- -.rr.  W«  isiM  ■  I:::;*;  eariio-  Hm  vbat  vms  d««tiiked  to 
;j*r  J..*  ;.'r>-i«;»— t  i:.^"*-*'*  b**;^•:a:b*d  l^  Bob«  »a>  (.'bristiaoilT.  to 
»!.;■*,■■*  -L  jI;  r'-f'rr  g-LerjI-y.  jiiKtrwe  w  d«aliiif  «iib  Eorope.  as  the 
«:L-j:*b-  F'T  L"t*:;  Lui."lr«l  vtars  liii*  power  had  existed,  and  now 
i:  ■A-s^:\t-'i  ::-*■? f-  WhTtnlTnfg  alltlii-asv  <tf  eoosI darkDces  vas  tkis 
it::»'.\:.tt:../.::.z  \-}^rT'  Ai^-!  lL.it  I  bire  to  sar  it,  like  many  anotbcr 
great  aLil  &■■  >  j-jv.fr.  •iti>ii<-«l.  <!:M^>ned.  [»«etiiated !  That  whtcb 
t,\i'y:'.tl  L.ive  b«*ii  to  ^oi-if-ty  tiirocgh  all  this  time  what  the  pillar  of  cloud 
ai.d  lin;  «  us  to  ibe  wii:;il»-ni.^  I-raelites.  a  guide  and  a  support,  was  a 
Mi^r»r  aL<l  a  jiittoi:.  Tbe  chnrcb — leli^noD — was  made  to  eene  a«  a  oloak 
Xt)  W'-ri'ily  oiii  a;:d  aiubiti'-u.  For  tbe$e  ends,  while  attempUii|r  to 
jDMiA^.u  an  o-itward  a|>i>^aniiioe  of  purity,  it  fostered  soperstition  and 
igrj'.riiTi'-*-.  Till  at  la-^t  Lother  aro?*.  pre<?eded.  like  the  first  and  great- 
est of  all  nrfuniK^rs.  C'liri.«t.  br  bis  foreranner,  Enismns.  This  is  the 
gM-atf;~t  and  mo^t  ■•igiiitif.-aiit  of  all  our  laDdmarkg.  it  marks  a  mig bty 
n:V'ilii;i'>ii.  HfiiinT  and  more  tboroagh  (ban  any  snccveding  ones.  It 
*M~  a  mighty  dtiroulu'^  to  inlellectoiil  growth  and  social  derelopmeot. 
Till  iiOM  it  bad  b<«ii  tbe  world  and  tbe  church;  from  now  it  was  the 
world  uiili  tlie  tliurcb. 

"  A  real  Hxiety  can  ouly  exist  where  tbe  rights  of  every  indiridoal 
nicriitKT  as  t^ueb  arc  reco[:uized  aud  iirotected.  Nor  can  this  be  ontit 
tbe  individual  has  recoguized  his  own  position  and  bis  own  rights. 
Tiii»  was  what  the  Kcformation  efl'ected.  In  Britain  tbe  despotic  reign 
of  Henry  VIII,  tbe  feeble  reign  of  EdwanI  VI,  tbe  bloody  and  bigot«d 
reign  of  Mary,  and  tlie  beneficial  and  epoch-marking  reign  of  Elizabeth, 
all  tended  indirectly  toward  this  result.  The  rapid  growth  of  tbe  spirit 
of  liberty,  and  intolerance  of  oppression  in  tbe  guise  of  soYcreign  care, 
is  markedly  manifest  in  our  flftb  great  landmark  and  revolution — tbe 
overthrow  of  the  monarchy  in  Britain  and  tbe  establishment  of  the 
commonwealth.  We  see  here,  what  we  have  not  seen  before  this  event, 
a  iMjwcr  of  moDg  the  people.    Tiiia  was 

what  was  re  hoi»e  to  cope  with  hereditary 

individual  o 

And  here  rer  the  rough  and  stony  road 

we  li.tve  COB  ligber  elevation  and  with  our 

^K-artT  visio  ©vered  with  the  feudal  mists 

r  the  >Iidd  Istinguish  anything  at  all  we 
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see  men,  a»  Campbell  puts  it,  "  Yoked  to  the  brates  atid  fettered  to  the 
soU."  We  hear  the  ceaseless  tumult  of  war,  see  from  every  poiut  the 
lurid  glare  fi'om  bamiug  homesteads,  or  the  dead,  black  emptiness  of 
devastated  fields. 

Although  we  say  that  indirectly  the  feudal  system  was  a  benefit  to 
the  world  in  the  end,  yet,  regarding  it  in  itself,  we  can  nut  but  acknowl- 
edge Its  evil  effects  at  the  time  of  its  greatest  power.  It  tended  to 
obliterate  the  individual ;  to  choke  all  spirit  of  independence,  of  pride  or 
patriotism,  in  the  people ;  to  elevate  a  few  at  the  expense  of  the  many. 
What  there  was  of  pride  or  patriotism  was  rather  a  blind  devotion  to  a 
particular  bead,  and  where  the  pride  or  patriotism  of  that  head  inclined, 
there  the  devotion  of  his  servants  followed. 

Yet  the  people  themselves  were  to  blame  for  this  unnatural  state  of 
society.  They,  in  common  with  their  masters,  were  under  the  desi>otic 
rule  of  custom,  styled  by  Pindar  "  King  over  all  mortals."  If  they 
made  no  effort  to  free  themselves,  it  is  not  likely  theif  masters  would 
do  it  for  them. 

In  this  connection  we  have  Shelley's  splendid  lines,  in  his  Ode  to 
Liberty : 

He  irho  taogbt  inan  to  vaDqiiish  whatsoever 

CaD  bo  between  the  criulle  and  the  grave, 
CrowDed  him  the  King  of  Life.     Ob,  vaio  eDileavonil 

If,  ou  hia  owD  high  will,  a  willing  slave. 
He  bna  enthroned  the  opprnsHion  and  the  opprosBor. 

In  the  Middle  Ages,  too,  when  lite  depende<l  practically  on  the  prod- 
uce of  the  soil,  the  constant  warfare  and  feud  formed  an  insuperable 
obstacle  to  social  progress.  When  the  summer  was  far  advanced,  the 
air  clear  and  warm,  and  everything  giving  token  of  the  time  when  the 
face  of  the  country  should  have  been  gulden  with  ripe,  waving  com, 
and  the  air  melodious  with  the  songs  of  the  reapers,  then  jterchance 
there  woold  be  a  wide  expanse  of  blackened  fields  and  ruined  home- 
steads. The  lord's  bugle  hod  summoned  his  vassals  from  the  plow, 
and  the  harrow  lay  rusting  and  neglected. 

Improvement  can  only  come  when  men  have  time  and  liberty  to  I 
think.  I  would  especially  emphasize  the  signifli-ance  of  the  latter  of 
these  terms — viz,  liberty.  Prof.  Sheldon  Amos,  in  his  treatise  ou  the 
Science  of  Law,  has.  very  well  expressed  what  I  am  desirous  of  impress- 
ing here.  "It  implies,"  he  says,  "rest,  meditation,  imagination,  slow 
and  steady  culture  of  the  faculties,  combinations  and  asiHXtiations  for 
all  Hotts  of  purposes,  and  especially  that  slowly  formed  belief  in  the 
certain  power  of  carrying  resolutions  into  action  on  which  so  much  of 
human  greatness  depends.  Liberty,  in  itself,  is  a  negative  term  denot- 
ing absence  of  restraints;  on  its  positive  »ide  it  denotes  the  fullness  of 
individual  existence."  This  privilege  was,  all  the  time  of  which  we  are 
treating,  in  the  hands  of  a  few  seclndetl  hermits — dead  to  the  world, 
yet  living  factors  iu  its  history.  Under  the  protection  afforded  them 
hy  ignorance  and  superstition  in  the  cloak  of  religion,  these  pursued 
their  labors  and  their  studies  unheard,  unheeded,  and  unseen,    OQic 
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InduBtries  at  this  time  there  vere  none,  to  bring  the  people  together 
and  let  tliem  feel  "the  beating  of  the  Belfsame  heart  in  each."  War 
and  religion  were  the  only  professions.  Caltivatiou  of  the  soil  was 
often  au  ioipossibilJty ;  hence  poverty  and  pestileDce  stalked  every- 
where, feasting  on  thonsaoda  of  victiuis. 

I  beat  eveu  now  the  iDfiDite  fierce  ahorns, 

Tbe  cries  of  agony,  tlie  ceaaclesH  groftn, 
Which,  through  tbe  Bges  that  have  gone  befoTO  as. 

In  long  rererberatiooa  reach  oaT  own. 

Ib  it,  oh  Han,  with  anch  discordant  noiaea, 

With  such  ac^QTsed  instmmenta  as  theeu. 
Thou  drownest  Nature's  sweet  and  kindlj  voioee, 

And  Jarreet  tbe  celestial  sf  mphonies  1 

Yet  there  were,  latterly,  small  conunanities,  outside  the  power  of  the 
feudal  lord,  which  formed  the  nndeas  of  fature  towns.  It  is  there  we 
must  look  for  all  the  intellectual  advancement,  for  the  theoretical  and 
practical  organization  of  society  upon  a  basis  more  in  keeping  with 
man's  mind  and  mission.  Their  growth  was  rapid  and  their  iiifliience 
proportionate.  Little  by  little  tlie  conception  of  a  state  was  altered 
from  that  of  a  sovereign,  omnipotent  and  divine,  fountain  of  all  mercy 
and  justice,  and  a  people,  a  collection  of  atoms,  whose  duty  it  was  to 
support  tlie  sovereign  in  whatever  caprice  might  lead  bim  to  perform, 
to  that  of  a  people,  a  collection  of  individuals,  whose  combined  de-sires 
were  represented  and  executed  in  the  will  and  actions  of  a  sovereign. 

This  is  the  modern  conception  of  society,  and  brings  our  view  some- 
what beyond  the  point  at  which  we  last  halted — the  establishment  of 
the  commonwealth  in  Britain. 

From  now  our  view  becomes  so  extended  that  we  must  either  restrict 
ourselves  to  a  bare  outline  or  swell  our  investigation  beyond  all 
proportions. 

European  states  now  began  to  assume  a  more  definite  form.  Still 
they  were  far  from  agreeing  with  onr  present  day  conceptions  of  what 
a  state  should  be.  Louis  XIY,  in  France,  was  rising  to  the  height  of 
Ms  power.  His  subjects,  carried  away  by  enthusiasm  and  repeated 
victory,  were  devoted  to  him.  But  it  was  not  a  true  devotion;  it  was 
a  false  enthusiasm.  For  alt  bis  magnanimity — and  be  had  much — the 
people  bad  no  more  XKiwer  than  before.  IjOuIb  lavished  gifts,  encour- 
aged commerce  and  art,  and  rewarded  men  of  letters.  Yet  all  the 
power  was  vested  in  the  King.  Success  depended  on  the  King's 
favor  and  caprice.  All  these  eflbrts  were  spasmodic  and  ill-timeil; 
many  were  fruitless,  and  their  failure  but  increased  the  general  confu- 
sion. It  was  impossible  that,  in  a  period  of  constant  warfare  and  con- 
tinual change,  there  could  be  any  consistency  or  dofiniteuess  in  tbe 
"''IIS  of  society.  Tbe  age  of  Louis  XIV  represents  the  state  of  Europe 
'0  seventeenth  century — au  age  of  unrest,  warfare^  and  diplomacy, 
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yet  we  mast  say  development.  The  cooditions  then  exiating — the 
ioterrapted  harvests,  the  overwhelming  taxes,  the  constant  drain  npon 
the  manhood  of  the  coantries,  the  capture  and  recapture  of  towns,  and 
all  the  horrors,  external  and  internal,  conaeqneDt  on  war  entered  upon 
for  the  gratification  of  the  caprice  or  prideof  an  indtvidnal — all  teaded 
toward  a  better  and  truer  condition  of  society.  Every  additional 
impost,  every  new  levy,  was  a  step  nearer  the  recognition  by  the  people 
of  their  tnie  position  and  their  proper  rights;  toward  drawing  them 
together  in  the  bonds  of  social  unity;  toward  the  downfall  of  tyranny 
iu  the  guise  of  custom. 

While  the  progress  of  society  on  the  Continent  was  impeded  by  war 
and  dissension,  it  was  steady  and  uninterrupted  in  Britain.  Not  that 
we  were  without  dissensions  too.  But  our  warfare  was  of  such  a  nature 
that  it  tended  to  draw  the  people  together  for  common  ends.  The  civil 
war  of  1&12  and  the  revolution  of  1688  were  mighty  factors  in  our  own 
social  history  and  that  of  the  world  at  large.  These  were  essentially 
contests  between  the  Crown  and  the  people,  between  arbitrary  power 
and  individual  right.  And  these  events  are  of  the  greater  significance 
in  that  they  could  ever  have  happened.  The  victory  was  there  won  by 
unity  and  the  courage  of  the  conviction  of  the  goodness  of  the  cause. 
For  the  time,  all  private  or  sectarian  animosities  were  forgotten.  - 
Bishop,  noble,  squire,  merchant,  artisan,  and  plowman.  High  Church- 
men, Low  Charcbmen,  Nonconformists,  and  Quakers,  worked  together 
for  a  common  end — liberty,  the  inalienable  right  of  each  and  all. 

While  this  was  going  on  in  Britain,  Europe  looked  on  askance. 
But  it  was  only  that  species  of  half  admiration  and  half  fear  with 
which  the  community  regards  an  individual  who  is  the  first  to  venture 
to  do  what  no  one  else  would  dare.  Soon  others  will  follow;  it  only 
needs  example.  So  it  was  in  the  seventeenth  century.  Ilence  the  sig- 
nificance and  influence  of  British  history  of  that  time.  When  the 
crisis  was  passed,  and  men  once  more  allowed  their  petty  jealousies 
and  animosities  to  have  sway,  they  found  themselves  upon  a  new  foot- 
ing. They  knew  their  own  rights  and  the  rights  of  the  sovereign,  and 
the  Umits  of  these.  Moreover,  they  were  flushed  with  victory  and  full 
of  conscious  strength.  The  effects  were  rapid.  Towns  arose,  com- 
merce developed,  industries  increased,  wealth  multiplied,  and  comfort 
spread.  Societies,  associations,  guilds,  and  councils  began  to  exercise 
an  influence,  representing  in  miniature  the  theory  of  the  state. 

In  political  government,  too,  a  great  end  was  achieved  by  more  th<»- 
ongh  representation. 

Under  the  new  conditions,  learning  and  culture  began  to  thrive 
enormously.  Britain  took  the  lead  in  social  progress,  and  she  has  ever 
since  retained  it. 

The  eighteenth  centnry  is  in  Britain  a  record  of  intellectual  and, 
with  it,  social  progress.  The  barriers  of  custom  and  prerogative  were 
ever  falling  before  the  conviction  of  natoial  right  and  eqoity.    On  the 
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CoDtioeut  progreas  was  much  slower.  But  tlie  crisiB  coald  Dot  be  long 
delayed.  The  dark  aud  smooth  surface  of  society  bat  served  to  cod- 
ceal  the  curreut  undemeath. 

Still  wat«rs  ran  deep. 

The  close  of  the  eighteenth  ceutury  marks  the  end  of  what  is  known 
in  Instory  as  the  ancient  D^gime.  It  was  signalized  by  the  most  drastic 
ami,  in  its  immediate  cfi'ect3,tbe  greatest  social  revolution  we  have  to 
deal  with.  It  was  the  bursting  of  the  pent-up  storm  of  misery.  It 
was  preceded  by  a  fearful  calm.  Then  the  tempest  broke  oat,  relent- 
less aud  irresistible.  It  spared  neither  old  nor  young,  father,  mother, 
brother,  sister,  husband,  wife,  or  child.  It  cared  nothing  for  associa- 
tions and  sentiments,  the  work  of  genius,  or  the  toil  of  years.  As  the 
whirlwind  swept  across  the  country — shrieking  as  if  in  mockery  liberty 
and  egalit^,  it  left  in  its  track  ruin  and  desolation. 

Robespierre,  Danton,  aud  Marat,  like  death  angels,  goided  the  storm, 
yet  were  powerless  to  control  it. 

The  Bevolution  did  its  work  cruelly,  but  thoroughly.  Every  vestige 
of  the  old  was  swept  away — king,  crown,  home,  and  kindred.  Men 
could  start  afresh  ou  a  new  system.  The  tempest  of  the  Bevolutioii  in 
France  reached  Britain  only  as  a  great  ground  swell.  Society  there 
was  agitated,  but  nothing  more.  Had  it  been  one  hundred  years  earlier, 
I  tremble  to  think  what  our  country  might  have  been  to  day.  Kiu|^- 
ley  says,  '^The  human  race  owes  more  to  the  eighteenth  century  than 
to  any  century  since  the  Christian  era.  This  may  seem,"  he  goes  on  to 
say,  "to  be  inconsistent  with  my  description  of  the  very  same  era  as 
one  of  decay  aud  death.  But,  side  by  side  with  the  death  there  was 
manifold  fresh  birth;  side  by  side  with  the  decay  there  was  active 
growth;  side  by  side  with  them,  fostered  by  them,  though  geuerally  iu 
strong  opposition  to  them,  w.bether  conscious  or  anconscious." 

Again,  in  another  place,  Kiugsley  remarks:  "We  shall  find  throngh- 
out  the  eighteeuth  century  a  stirring  of  thought,  au  originality,  a 
resistance  to  circumstances,  which  would  have  been  impossible  had 
circumstances  been  the  true  lords  and  shapers  of  mauktnd.  Had  that 
latter  been  the  case,  the  downward  progress  of  the  ancient  regime  woald 
have  been  irremediable." 

Tet  again,  talking  of  the  French  Revolution,  he  says  that  one  of  the 
doctrines  then  specially  proclaimed  was  that  "  iu  each  man  there  is  a 
God-given  iudividuality,  an  iude[>endent  soul,  which  no  government  or 
mau  has  a  right  to  crush,  or  can  crush,  in  the  long  run.'' 

The  eighteenth  century  drew  to  a  close  in  storm  and  darkness. 
Society  was  moved  to  the  roots — strained  aird  toru.  But  when  a  new 
century  dawned  the  clouds  of  revolution  were  dispelled  before  the  sun 
of  liberty,  and  all  gave  token  of  a  glorious  noon.  Aud  men  were  not 
miataken. 
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Tliia  brings  us  to  our  furthest  aud  our  highest  poiut.  From  the 
lieiglit  now  attained  we  have  an  almost  boundless  view  over  the  ages 
that  have  gone  before,  and  we  can  survey  them  with  the  tranquillity  of 
tbe  scientific  observer. 

The  progress  of  society,  tbe  gradual  emancipation  of  tbe  individual,  , 
tbe  steady  development  of  mind  and  resource,  and  Ihe  spread  of  tbeir  ^ 
influcDces  to  nil  classes  of  society,  had  its  active  rise  in  the  fifteentb 
century.  By  tbe  seventeenth  centnry  the  development  had  assumed 
■narked  forms  and  signally  asserted  itself.  '  By  tlie  eighteenth  century 
it  had  grown  to  proportions  against  which  the  old  order  of  things  could 
not  possibly  hold  out,  and  it  inaugurated  the  nineteenth  century  with 
a,  revolution  of  society  more  direct,  drastic,  and  immediate,  if  nut  more 
thorough  or  momentous,  than  the  Protestant  Reformation. 

The  political  history  of  the  present  century — which  is  always  Ihe 
refiex  of  tbe  internal  social  workings — is  n  record  of  universal  awaken- 
ing. This  undoubtedly  was  hastened  by  Napoleon's  vast  attempt  to 
restore  despotism.  Tbe  whole  of  Europe,  upon  which  the  influences 
we  have  been  tracing  had  been  long  working,  was  roused  into  action. 
Napoleon  staked  tbe  cause  of  despotism  at  Waterloo,  and  lost.  Sliortly 
before  this  Holland  bad  shaken  off  the  foreign  yoke;  Qreec^'e,  once 
more,  for  a  brief  space,  something  like  her  old  self,  after  Missolonghi 
and  Navarino,  regained  her  indei>eudeDce  from  the  Turks;  shortly 
after,  Belgium  was  declared  free;  and,  later  still,  we  follow  the  noble 
efforts  for  freedom  in  Italy,  under  tbe  patriot  Garibaldi ;  and  we  behold 
them  crowned  with  success.  Surely  these  events — revolutions  in  a  sec- 
ondary sense — are  deeply  significant.  They  were  tbe  natural  fruits  of 
the  forces  at  work  from  the  earliest  period  of  human  history. 

Tbe  infinences  in  Britain  at  this  time  were  no  less  marked,  though 
tliey  were  not  characterized  by  the  same  violence.  That  stage  bad 
been  passed  two  centuries  before.  The  changes  were  of  a  sent  I  political 
character,  in  which  sense  I  mean  that  they  more  immediately  concerned 
tbe  i)eople  themselves  than  tbeir  relations  with  tbe  rest  of  the  world. 
Social  and  parliamentary  reform  formed  the  basis  of  the  agitations. 
Tbe  immense  increase  of  wealth  and  spread  of  knowledge  hud  thrown 
open  tbe  ronds  to  places  hitherto  jealously  guarded.  The  common 
bond  of  individuality  and  natural  freedom  bad  been  irrefragable.  It 
was  no  longer  mere  birth  that  ranked  before  worth.  Thus  united, 
society  became  molded  into  a  solid  and  clearly  defined  body. 

Intellectual  progress  i[t  the  seventeenth  century  was  great;  more  so 
in  tbe  eighteenth.  But  the  niueteeath  century  has  surpassed  all  in  tbe 
jmrity  and  clearness  of  its  intellectual  sky  aud  the  intensity  of  its 
intellectual  sun. 

This  is  amply  evidenced  by  tbe  paramount  importance  attached  to 
education  and  tbe  universal  desire  for  tbe  same;  tlie  enormous  increase 
and  i>erfectiou  of  industries;  the  growth  of  vast  cities;  the  extent  of 
international  relations,  pobtical  and  social;  the  spread  of  and  height 
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attaiued  iii  all  tlie  fields  of  higher  iatellectual  investigation  in  science, 
ait,  aud  Iit«rature;  in  the  cunreut  ttaoaght  of  the  day;  in  all  these 
questiona  now  vexing  and  wearing  us — aocial,  religious,  and  economic. 

I  have  purposely  refrained  from  doing  more  than  meutioniug  the 
most  outstanding  points  in  onr  subject  of  investigation.  In  iio  place 
have  I  gone  into  particulars.  Our  field  is  so  vast  that  our  view  can 
only  be  general.  I  might  have  treated  the  subject  from  a  purely  socio- 
logical i>oint  of  view.  But  that  might  have  been  too  technical  and 
uninteresting i  and  besides,  when  we  think  of  it,  sociology  is  merely  a 
generalization  of  the  evidences  of  history.  We  have  sketched,  or  at 
least  indicated,  the  growth  and  inflaenceof  customs,  manners,  religion, 
laws,  industry,  commerce,  science,  literature,  and  art,  and  their  resi>e^-tive 
points  of  beginningand  ending.  We  have  seen  the  human  atom  dcveloii 
into  the  human  unit,  the  single-celled  social  protoplasm  grow  into  the 
.  complex  and  multiform  organization  of  present  society.  In  tracing  the 
evolution  of  society  we  have  traced  the  evolution  of  the  individual; 
^we  have  traced  the  evolution  of  mind.  One  fact  must  have  been  patent 
I  to  us  all  along,  and  that  is  the  measure  in  which  the  individual  acts 
^  upon  society  and  in  which  society  reacts  ujKin  the  individual,  I  know 
that  I  am  throwing  myself  open  to  opposition  when  I  say  that  the  whole 
history  of  the  human  race  is  a  record  of  constant,  though  varying, 
,  advance.  The  world  is  working  toward  an  end  of  self-realization;  to 
this  all  is  tending.  Every  revolution,  every  reformation,  every  change 
is  a  necessary  step  to  this  end.    It  is  our  destiny  that  impels  us. 

The  world  to-day  has  reached  a  position  never  hitherto  attained.. 
Our  standards  and  conceptions  of  morality  are  higher  and  truer  and 
our  methods  surer.  Sin  and  vice  still  exist;  some  say  as  heinous  as 
ever.  That  is  not  so.  Not  only  is  there  less  sin  and  vice,  bat  what 
there  is  is  only  equally  heinous  with  that  of  past  ages  in  that  our  higher 
standards  and  sensibilities  are  the  more  easily  shocked.  Our  means  of 
restraining;  vice  and  crime,  of  alleviating  misery,  and  of  securing  hap- 
piness are  more  universal  and  efficient. 

All  this  is  the  outcome  of  our  truer  conception  of  man's  place  in 
nature  and  position  inter  se. 

If  anyone  doubts  the  truth  of  our  conceptions  and  the  actaality  of 
things,  ho  has  only  to  look  around  upon  the  world  of  yesterday  and  of 
to-day  to  see  the  waste  moorland  converted  into  rich  fields  or  thriving 
cities;  to  watch  the  busy  throng  of  workers,  all  eager  with  what  they 
may  imagine  to  be  their  own  concerns,  but  nevertheless  each  in  his 
sphere,  however  humble,  contributing  bis  quota  to  the  general  fund. 
Selfish,  some  will  say!  True,  there  is  much. self-seeking,  much  selfish- 
ness, but  we  must  form  our  conclusions  from  the  feelings  and  acts  of 
the  combined  community,  not  from  those  of  the  individual.  The  indi- 
vidual coutributes  to  them,  but  the  combination  is  a  modification. 

We  have  seen  the  human  thing  become  a  human  being.  We  have 
lessed  the  triumphs  of  mind  over  matter  and  oiroamstuic«8.    We 
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may  titly  close  by  quoting  ttiose  spirit-stirring  and  appropriate  lines  of 
Campbell : 

EterDBl  N&tiire,  nlien  tby  giuit  liauil 

Tlie  wave  upheaved  anil  lixed  tho  trembliuf;  land, 

When  lireapi'aii)C'*^rtliiiK  at  tby  plastic  eall. 

Endless  Ler  forma,  and  man  tbe  lord  of  all — 

Say,  waa  tljat  noble  form,  inspirwl  by  tbee, 

To  wear  et«nial  cbains  and  bow  the  kneel 

Waa  man  ordaioed  the  alave  of  man  to  toil, 
Yoked  to  tb«  brnti:H,  and  fettered  to  tbe  soil, 
Weiglied  in  the  balance  with  u  tyrant's  gold! 
No,  Nature  liaa  caat  us  in  a  heavenly  nioald. 
Sbe  bida  no  wreti'b  hia  t  hanklesa  labonr  urge, 
Aud,  trembling,  take  the  pittance  and  the  Hcoiirge. 

Tyrauta,  in  vain  ye  trace  the  wizard  ring, 
Ye  can  not  limit  Mind's  unwearied  spriug.- 
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MIGRATION   AND   THE    FOOD   QUEST:    A   STUDY    IN   THE 
PEOPLING  OF  AMERICA.' 


By  Otis  Tuptom  Habok. 


THE  STBUOGLE  FOB  EXISTESCB, 

In  the  struggle  for  eziateDce  our  species  has  wage«l  a  duable  couteMt, 
the  oue  against  decay,  disintegratioD  within  the  hninaii  boily  or  the 
society;  the  other  agaiiist  destractive  forces  from  withoat. 

The  chief  coutest  for  the  inner  man  has  been  to  api>«a»e  the  insati- 
able cravings  of  hanger  and  thirst. 

The  chief  contest  for  the  outer  mau  has  been  to  reaint  the  blintering 
rays  of  the  sun,  the  biting  frost,  the  petting  sturm,  sarage  bea.tt«.  and 
still  more  savage  men.  For  this  latter  contest  man  created  clothing  tur 
the  body,  the  home  for  the  family,  the  camp  for  the  clan,  the  fortreMi 
Aod  armor  and  weapons  against  the  beasts  and  the  enemy. 

The  elements  of  activity  in  this  double  contest  wire:' 

1.  The  esploitation  of  the  earth  for  materials  and  reKoarcex. 

2.  The  transformations  of  materials  and  the  sabjagation  of  forw. 

3.  Transportation  and  conveyance,  the  carrying  indiiKtr)'. 
1  Barter,  commerce,  and  exchange,  the  pursoit  of  wealth. 
5.  The  arts  of  consumption  »ad  enjoyment. 

The  activities  just  mentioned  divide  themselven  into  t«o  Mirt*  with 
relation  to  place — the  stationary  indostries  and  the  taiar-dUtTy  a<r'<vi 
ties.    We  ebatl  attend  now  only  to  the  latter. 

KIGBATI05  A!rD  ITS  MonVES. 

By  migration  is  meant  intentiooally  or  nninteiitionally  Wvin;;  *  "ifrf 
aad  not  returning  to  it.  This  term  is  freiju'eotly  Miufouiidf-d  virh 
those  movementa  thronghoot  the  year  wbicli  have  Ifeen  ealifl  "to*^ 
circle  of  activities,"  the  ground  eovtred  being  the  flpb^reor  inrl.t^tK-x 
or  total  cnltore  area.  This  sort  of  orbital  or  annual  mr>v*-ni<-iit  h;M 
bad  much  to  do  with  tho«e  pamaoent  migrations  of  which  mf,  arT  no* 
speaking. 
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The  law  of  the  circle  of  etnploymeBts  auil  of  permanent  migration 
may  be  called  tbe  maxima  and  minima  of  effort — tbat  is,  men  have 
always  bestirreil  tbemselves  the  year  round  and  moved  about  tbe  world 
ou  lines  and  to  places  where  there  seemed  to  be  promise  of  tbe  great- 
est comfort  and  security  for  tbe  least  effort  ou  tbeir  part. 

lu  this  paper  esi)ecial  uttention  will  be  paid  to  this  maxima  and 
minima  in  relation  to  the  food  quest,  though  it  will  be  seen  that  follow- 
ing this  line  conducts  also  to  the  best  results  in  the  other  activities 
mentioned  and  to  tbe  supply  of  other  needs.- 

Migration  is  caused  not  by  one  motive,  but  by  all  possible  motives. 
Collect  all  tbe  influences  and  wants  that  have  actuated  individuals  in 
going  about.  These  same,  acting  on  a  family,  a  set  of  men,  a  horde,  a 
clan,  a  i>eople,  have  caused  migration.  Thoy  have  acted  by  compulsion 
and  by  attraction,  from  within  and  from  without,  through  nature  and 
through  man. 

Taking  these  motives  for  change  of  habitation  all  in  all,  they  may  be 
sharply  divided  into  two  classes,  the  attractive  and  the  repulsive  forces. 
Some  migrants  arc  drawn,  allured,  enticed  to  move.  They  go  because 
they  want  to;  nobody  compels  them.  They  have  in  themselves  tbe 
energy,  the  ambition,  tbe  vigor,  the  desire  to  go,  and  these  are  the 
peoples  that  have  dominated  tbe  earth. 

Other  migrants  are  crowded,  driven,  compelled  to  move.  They  are 
afraid  or  too  weak  to  stay  where  they  are.  Such  people  are  cowardly 
or  unfortunate,  retrogressive,  dying  out.  Tbey  shrink  into  the  suburbs 
of  the  world, 

Uniting  these  concepts  of  attraction  and  repulsion  with  tbe  notion 
of  subjective  and  objective  causes  of  struggle,  we  have  a  quadruple  set 
of  migratory  forces  working  together  or  apart: 

A.  Subjective  motives,  vis  ab  infra. 

1.  Desire,  hope,  appetite,  ambition,  energy. 

2.  Weakness,  fear,  aversion,  cowardice. 

B.  Objective  motives,  vis  ab  extra. 

3.  Advantages,  supplies,  comforts,  satisfactions,  acting  a  fronte 

or  a  tergo. 

4.  Discomforts,  compulsions,  failure  of  resources,  a  Ironte  or  a 

tergo. 

Accidents,  su|>erstition,  calamities  play  tbeir  part  with  substantial 
causes  in  this  comirosite  .set  of  motives. 

According  to  the  laws  of  mechanics,  bodies  move  in  the  lines  of  least 
resistance,  with  momentum  proportioned  to  the  vis  a  tergo.  They  have 
no  souls,  no  desires;  they  do  not  move,  but  are  moved. 

With  animals  and  men  tbe  case  is  different.  Tbey  move  iu  a  paral- 
lelogram of  forces. 

1.  lu  the  lines  of  least  resistance  in  front. 

2.  In  the  lines  of  greatest  pressure  behind. 

3.  In  the  lines  of  greatest  desire  within. 
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4.  Id  the  lines  of  greatest  pull,  or  attraction,  or  Hupply  ironi  witbout. 

5.  Id  the  liaea  of  greatest  effort  or  volitioD  sabjectively  viewed. 
After  all,  it  is  the  cLeerful,  hopeful  migratioD,  stimulated  by  desire 

and  encouraged  by  propitious  surroundings,  allurements,  and  forces, 
tbat  effects  new  cultures.  Doubtless  shipwrecked  mariners,  lost  waa- 
derers,  and  outcasts  have  now  and  then  left  a  Lap]>>  thought  or  sugges- 
tion upou  receptive  aboriginal  minds ;  but  these  random  surf  beats  are 
not  what  Tennyson  calls — 

The  great  vavee  tliat  ecbo  roDDd  the  ururld: 
FOOD  AREAS  AND  FOOD  SUPPLY.     . 

The  greater  part  of  the  earth's  surface  was  sterile  aud  repellent  as 
abiding  place  to  primitive  mau  or  to  the  living  forms  upon  which  he 
depended,  to  wit; 

The  deep  sea,  out  of  sight  of  coastal  plains  aud  meadows. 

The  arid  deserts,  barren  to  man  and  plant  aud  beast. 

The  mouutain  tops,  then  as  now,  inaccessible  aud  unproductive. 

The  frigid  zones,  above  the  lines  of  food  and  furs. 

The  great  plains  and  prairies,  away  from  waterways. 

The  dense  forests,  jungles,  tundras,  and  swamps. 

But  all  of  these  were  provocative  of  migration  and  long  journeys. 

Both  man  and  his  purveyors  had  to  walk  at  first  in  those  terrestrial 
paths  which  had  been  marked  out  by  Nature  and  provisioneil  for  his 
journeys.  By  following  the  trails  of  supply  he  got  into  the  green  pas- 
tures and  encamped  by  the  still  waters  that  invigorated  him.  It  so 
happened  that  the  trade  winds  and  gulf  streams  were  conterminous 
with  the  marine  feeding  grounds;  that  the  inland  rivers,  bays,  and 
lakes  OD  which  he  could  journey  with  greatest  facility  were  the  catch- 
ment basins  of  surrounding  fertile  lands  and  the  feeding  ground  of 
innumerable  creatures  yielding  food  to  him  in  largest  abundance. 

The  rich  meadows  and  valleys  were  the  (hibris  of  degradation.  Their 
loam  was  once  on  the  inaccessible  tops  of  mouutjiins  and  was  only 
baiting  a  little  way  on  its  jounicy  to  the  great  littoral  feeding  grounds. 
It  was  on  this  stre-am  of  dry  laud  between  mountain  and  shore  tbat 
great  herds  of  ruminants  were  developed,  and  to  them  early  men  were 
attracted  for  the  easiest  and  most  abundant  means  of  support. 

The  greatest  natural  food  supply  for  the  lea.st  effort,  with  few  excep- 
tions, was  in  the  water.  This  saying  is  true  for  all  the  five  elements  of 
activity  of  which  I  have  spoken  previously,  to  wit: 

1.  Exploitation. — The  easiest  food  to  take  for  human  aliment  is  in  the 
waters.    It  frequently  comes  to  man's  hand  spontaneously. 

2.  Tram/ormationa. — The  early  manufactures,  arts,  iudustries,  and 
divisions  of  labor  over  the  products  of  the  sea  are  more  varied  than 
those  of  bunting  or  gleaning. 

3.  Transportfition. — By  far  the  easiest  primitive  conveyance  of  man 
and  transportatinu  for  the  products  of  his  activities  were  by  water,  ai' 
even  now  water  transport  is  the  cheapest.  i^  GooqIc 
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4.  Bitrter.—Tb6  oldest  form  of  money,  the  world  over,  is  shells  from 
the  water.  For  the  most  part  primitive  folk  do  not  go  fsa  away  from 
the  water  and  the  greatest  cities  are  most  accessible  thereto. 

."i.  Comumption. — The  preparation  and  serving  of  seaAxxl,  in  vari^. 
iu  persiHtence  throughout  the  year,  in  relation  to  cooking,  drying,  salt- 
tug,  and  smoking,  answer  the  demands  of  hauan  desire  as  well  as 
cither  of  the  others  mentioned.     And  much  of  it  is  eat«u  raw. 
POOD  AND  MIGRATIONS  IN  AMERICA. 

In  the  Xorlh  American  Review  of  October,  18Gd,  and  January,  1870. 
the  lion.  Ijewis  H.  Morgan  wrote' npon  iDdian  migrations  over  the 
oontineiit  of  America  as  influeuc«d  by  existing  physical  conditions, 
principally  food  supply. '  Because  the  region  about  the  month  of  the 
Columbia  River  was  possessed  of  the  most  abundant  materials  of  Ibii: 
chaiijcter,  Mr.  Morgan  maile  that  the  starting  jwint  of  migration  over 
the  continent  and  worked  out  a  scheme  for  the  movements  of  the  prin- 
eipnl  stocks  of  aborigines. 

I  propose  to  take  up  the  investigation  of  the  diijtinguished  ethnolo- 
gist by  the  aid  of  such  new  light  as  the  studies  of  twenty-five  years 
have  ucquircd.  At  present  we  may  leave  the  question  of  the  spread  of 
stiK-ks  in  America  to  the  eminent  gentlemen  of  the  Bureau  of  Ethnol- 
ogy and  to  other  scholars  who  are  on  the  list  of  honorary  members  of 
our  Anthrapological  Society,  and  inquire  whether  there  be  a  practicable 
route  from  ludo  Malaysia  to  the  Columbia  River  or  to  any  other  point 
near  by  on  the  North  Pacific  Coast.' 

THE  ROADS  TO  AMERICA. 

There  arc  two  possible  routes  from  Asia  to  America,  one  of  wbich 
has  been  often  discussed ;  the  other  is,  so  far  as  I  am  aware,  to  be  iiov 
for  the  first  time  proposed. 

The  first  mentioned  is  the  Arctic  or  hyperborean  route,  across  that 
culture  region,  or  oikoumenfi,  which  1  have  elsewhere  denominated  the 
interbemispheric  area.  It  is  the  land  of  dogs  and  reindeer,  of  Bnow 
and  snowshoes,  of  fur  clothing,  marine  and  Arctic  mammal  food,  under- 
ground dwellings,  bircli  trees,  and  the  arts  springing  therefrom,  skin 
and  bark  lM>ats,  harpoons,  sleds,  all  the  way  uninterruptedly  fW>m 
East  Greenland  to  the  Land  of  the  Midnight  Sun,  in  Norway.  This 
might  be  calle<l  the  land  or  the  snow-aud-ice  route. 

The  route  which  1  now  propose  might  hare  been  nearly  all  the  way 
by  sea.  It  could  have  been  a  continuously  used  route  for  centuries. 
Uutil  interrupted  by  later  civilizations,  it  might  have  been  traveled 
over  for  thousands  of  years.    It  lies  absolutely  along  a  great  circle  of 

'Cf.  Merriam's  Dept.  of  Agriciiltare  Bulletins,  hia  addiesa  iti  th«  Nat.  CI«og.  Mag., 
VI,  anil  Allen'a  OeogTaphical  Diatribation  of  Mammals,  Bui.  Am.  Has.  Nat.,  IT, 
I99-3M,  with  Powell's  linguistic  map,  in  regaril  to  the  coeKistoncw  of  pertain  fani- 
lleB  of  uuimals  au<l  plautx  with  families  of  aborinlnes. 

•Cf.  J.  W.  Powell,  linguistic  map,  VI],  Ann.  Rep.  Bar.,  Eth^ol.;  Mtd  D.  G.  Biin- 
ton,  The  Amerioan  Race,  N.  Y.,  1891,  Hodges.  ^-.  , 
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tbe  earth,  the  shortest  and  easiest  highway  npoD  the  ^lobe.  I  OMit  here 
the  supposed  route  from  Enrope  to  GreeDlaod.  simply  beeaiue  it 
demauds  certain  geoIoRJcal  cbaoges.  all  of  which  tbe  -wTiUT  is  dow 
trying  to  avoid;  also  those  lines  straight  across  tbe  parallels  ftw«i 
Polynesia,  becanse  tbe  food  supply  iraa  inadcqoate  and  the  BotiTeR 
not  apparent.  Mieratious  of  this  sort  are  not  denied  or  aOimnl: 
tbey  are  simply  laid  aside  for  the  present. 

A.  HTPOTHETICAl.  CASE. 
The  Ilaida  Indiana  of  British  Colombia  anoaally  Toya^  as  many  u 
500  miles  southward  to  Poget  Sound  to  lay  in  a  snpply  of  dne.1  •Ubs 
and  oysters  for  their  owu  consiunptioD  and  for  tra^le. 

Let  us  imagine  a  company  of  them  or  of  their  aoce^tora.  no  natter 
bow  many  centuries  ago,  setting  out  from  the  Indian  Oean  in  ao  oi*n 
boat  no  better  than  the  one  tbey  now  employ,  aD<i  govern"!  by  tbe 
sawe  commoupW-e  motives.  Tbe  peoples  that  our  Ilaida  «»aM  Lave 
to  encounter  now.  or,  better. tbo!<e  among  whom  tbe  iavtr*t:g»ti>T  wogld 
have  mingled  four  hundred  years  ago,  would  have  been — 

1.  Malay-Polj'nesiaDf,  who  would  have  tran><iiorted  him  !'■  Ibe  <-*tu- 
flues  of  JajKin. 

2.  Tbe  Japanese,  and  many  handreds  of  years  ago  Ine  jniniii  -e 
Koreo-Japaneseortbeirance«tot»,orthepriniitivepe"»pie!.of  tLe>U:.dA 
and  i>eninsula.  Their  plate  armor  and  hexagonal  weaving  he  w-ald 
encounter  as  far  as  iinmbers  8  to  10  on  tbe  map. 

3.  liiding  astride  of  reindeer,  drawn  by  dogt  or  reindeer,  in  bark 
canoes  and  dugoats,  and  at  time«  in  canoes  la^be^l  Ur^Hbt-r  or  waUing 
on  sDowsbocs,  the  traveler  might  have  g'rtlen  a^  Car  a^  ytirVin  i^wtd. 

4.  Tbe  Eskimo  would  have  been  his  eompanioon  from  lOiver  Bay  in 
Asia  to  Cook  Inlet,  or  to  East  Greenland,  and  tlieir  dr«**.  <rf'^n  in 
Asiatic  reindeer  skin,  as  well  as  the  identity  of  Itieir  irdi^tnal  ap|'»- 
ratus,  would  have  prevented  any  shock  in  paA-io^  to  tiie  otber  >>.<:e 
of  the  world. 

5.  As  soon  as  Uouut  St.  Elias  waii  reacbeil  and  the  area  of  tL«  ^eut 
cediirs  was  encountered,  the  traveler  would  again  ent»*  a  dn^''  f  J  '^(i**, 
whose  lines  and  means  of  locomotion  would  not  If  •triage  t/ih-m.  He 
would  see  men  clad  in  plate  armor,  wearing  in'e»ve«  o;i  tr.eir  U-g*  ;t.A 
they  did  in  Japan.  All  sorts  of  fishing  apparatmt  ai^l  trrtjK.  m.'\  i^vea 
the  tales  they  told  htm,  woold  ap|>ear  familiar. 

6.  On  the  Columbia,  the  salmoD-eatiug  i»eoi>les  wniM  s^vrm  i/d  '.»,*■ 
irienda.  The  canoe,  pointed  at  both  endit  ni.der  warer.  wnld  t-ft..:.-\ 
him  of  the  Amoor,  and  hereabont  he  «oo!d  mert  the  uor'i.-Tu  d.-.  .'>,;, 
of  the  IJto-Aztecan  stock,  in  wh'R>e  romji^riy  Le  miifbt  trave!  »a  fa/ 
south  as  tbe  borders  of  Chiritjni. ' 

7.  With  the  Maya,  the  miied  tribe^fof  the  i«!lini'i*,  tt.»;*.f..V-ha.  ar.d 
the  Aymara-Keehna  tribes  he  wonld  crmiplMe  l,.i  '^onn.-y.  («»**  -r 
throagh  tbe  lands  nf  potters  and  Ktone^iictirr^. 


ID.  G.  Brinton,  TU  AnMri>-i 


)  !{«■«.  S.  y.,  L-.i.  f   |>i,COi.7i^lc 


528.  MIGRATION   AND   THU   FOOD   QUEST. 

Iq  order  to  make  tlie  problem  of  tbeJr  voyaging  as  simple  -ma  pos^bk, 
let  ua  not  at  preseat  imogiue  any  submergence  of  the  ocean  b«.>d  not 
liny  geological  iior  pbyuograpliical  cbauges,  nor  any  acci<teDt«  out  of 
the  daily  bnuian  experience.  We  may  be  allowed  to  restore  to  the 
waters  and  to  tbe  laud  such  creatures  as  we  know  to  have  been 
deHtroyed  out  of  them  in  recent  centuries  by  the  exigencies  of  encr- 
luoualy  multiplied  [wpulatioDS  atid  the  demands  of  modern  commerce, 
but  no  more.  It  will  make  our  inquiry  much  simpler  and  more  tunen- 
titlo  if  we  have  no  exi>enences  introduced  or  imagined  that  any  man 
may  not  repeat  at  his  leisure  an  in  a  laboratory. 

The  sepantte  marine  inclosures  or  areas  in  tbe  progreea  uf  a  migra- 
tion from  the  Indian  Ucean  to  the  Columbia  Uiver  and  southward  about 
a  great  circle  of  the  earth  are  roughly — 

I.  The  Indian  Ocean,  especially  that  t>Hrt  of  its  drainage  toward  the 
eu^t. 

:;.  The  Indo-Malayan  archipelago. 

3.  Tbe  South  China  Sea  and  parts  adjacent 

4.  The  East  China  and  the  Yellow  Sea. 

5.  Tbe  Japanese  and  tbe  Tartary  Sea. 

6.  The  Okhotsk  Sea  and  its  environs. 

7.  The  Iteriug  Sea  and  its  drainages. 

8.  The  Alaskan  sea  and  British  Columbia  islands  and  coast  laiida. 

9.  Vancouver  island  and  the  Columbia  basin  and  tbe  head  waters  of 
the  Mississippi  drainage  on  the  west. 

10.  Tbe  great  interior  basin  of  the  United  States. 
U.  The  i'uebto  region. 

12,  Mexico. 

i;t.  Central  America. 

14.  Colombia  and  Ecuador. 

l.'t.  Peru,  its  coast,  mountains,  lake  region,  and  the  head  waters  of 
tbe  Amazon. 

It).  The  basin  of  tbe  La  Plata. 

This  general  line  is  a  great  circle  of  the  earth.  On  a  Mercator  map 
the  straight  lines  are  commonly  taken  for  shortest  distances,  which 
they  are  not.  Again,  it  so  happens  that  the  great  circle  here  mentioned 
is  the  principal  earthquake  and  volcanic,  {ineand  the  natural  boundary 
of  the  Pacific  Ocean. 

NECESSARY   CONDITIONS. 

lUie  conditions  into  wbicb  tbe  cttndid  student  would  be  bound  to 
inquire  concerning  such  a  route  would  be  the  following: 

1.  Food  supply. — Could  our  imagiimry  Haida  crew  of  men  and  women 
travel,  say,  from  the  Andaman  and  Nicobar  islands  to  the  Columbia 
River,  adistance  of  10,000  miles,  and  live  on  the  natural  resources  all 
the  wayT  Are  the  situations  and  movements  of  this  food  supply  such 
as  to  toll  or  invite  wandering  people  steiMlily  and  continuously  on  ward  t 

2.  Ooneeyance. — Were  the  aboriginal  means  of  eouveyauce  in  vogue 
in  tilt!  Malay  Polynesian  area  a«lequatc  to  such  a  joarner !    iRald  the 

I 
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modern  Haida  great  canoe,  the  East  Indian  or  the  Malay-Polynesian 
craft  stand  such  a  tript  Are  there  landlocked  seas  all  the  way,  snch 
as  East  Indians,  Malays,  and  Haidas  paildle  in  at  home,  at  the  present 
moment  I  Had  either  people,  before  contact  with  whites,  the  appliances 
and  the  skill  for  such  an  excnrsiont 

3.  Cvrrentg  and  hightcays, — In  which  direction  do  the  ocean  currents 
move  along  the  route  indicated — toward  America  or  from  Americat 

4.  Winds  and  temperature. — What  winds  blow  along  the  Asiatic 
coast,  abont  Bering  Sea,  and  the  archipelagos  of  the  northwest  Amer- 
ican coast!  What  is  the  eHect  on  the  atmosphere  of  the  winds  which 
blow  from  these  currents  and  from  the  Tropics  in  respect  of  climate  in 
the  couDtnes  along  the  rente!  Wonld  these  winds  gnulually  move 
peoples  toward  or  away  from  Americat  If  a  boat  without  a  crew  were 
set  adrift  in  the  South  China  Sea,  to  what  point  would  it  drift  t  What 
series  of  isotherms  are  included  in  this  area! 

6.  Suggestions  and  barriers. — Are  there  any  insurmountable  barriers 
to  our  Haida  Indians  or  Malays — that  is,  what  would  be  the  most  diffi- 
cult places  for  them  to  pass  by  reason  of  distance  fVom  laud  to  land, 
exposure  to  open  sea  or  adverse  winds,  failure  of  provisions,  or  greater 
allurements  in  other  directions! 

6.  Blood. — Admitting  that  the  aborigines  of  America  are  from  the 
Eastern  Continent,  what  peoples  of  the  Old  World  are  most  like  those 
of  the  New,  anatomically  and  anthropometrically,  by  which  is  meant 
in  skeleton,  in  muscular  development,  height,  weight,  physiognomy, 
color  of  the  hair,  eyes,  skin,  etc.! 

7.  Social  structure. — The  abongiues  of  the  Western  Continent  had  a 
social  structure  built  up  on  the  gentile  system,  practicing  endogamy  as 
regards  the  tribe  and  exogamy  as  regards  the  clan.  Now,  should  our 
Haida  Indians  find  any  peoples  about  the  Indian  Ocean  or  elsewhere 
along  the  route  who  had  the  very  same  or  nearly  the  same  social 
structure  I 

8.  Language. — What  testimony  does  language  bear  to  the  kinship  of 
American  aborigines  with  Eastern  peoples!  To  what  languages  iu 
the  Eastern  Continent  are  the  American  tongues  nearest  akin !  I>oes 
the  present  condition  of  the  language  problem  close  the  door  of  inquiry 
concerning  migration  from  Asia  to  America! 

0,  Arts. — In  the  arts  of  practical  life  and  the  arts  of  pleasure,  what 
BimUarities  should  oor  company  of  Haida  Indians  find!  It  is  freely 
admitteil  and  indisputable  that  similarities  arise  in  these  respects  by 
stress  of  the  earth  and  stress  of  a  common  brotherhood  of  man ;  but 
such  similarities  are  more  or  leas  functional  or  general  or  coordinated. 
The  more  that  things  or  customs  agree  in  minute  structure,  the  more 
specifically  are  they  akin  and  have  had  the  selfsame  originators.  In 
other  words,  the  greater  the  similarity,  the  less  the  probability  of 
diverse  origins.  Are  there  any  arts  so  akin  structurally  as  to  make  the 
theory  of  independent  origin  improbable! 
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10.  Remains  and  hiatorie  evidence. — What  relics  of  primitive  occnpa- 
tion  should  oar  voyagers  encounter  that  would  remind  tliem  of  home, 
and  what  testimony  have  we  of  sacli  aboriginal  peoplest  Or,  to  put 
the  question  in  another  form,  if  one  of  onr  distinguished  archieologists, 
Morse  or  Putnam  or  Holmes,  or  an  historian,  such  as  Brinton,  made  the 
journey  with  the  Haidas,  would  he  come  across  any  shell  heaps,  aban- 
doned dwelling  sites  or  work  places,  or  ancient  documents  entirely 
inexplicable  by  the  present  inhabitants,  but  quite  plain  to  one  skUled 
in  the  antiquities  of  onr  own  continentt 

11.  Religion  and  folklore. — What  is  the  testimony  of  comparative 
mythology  concerning  tlie  inhabitants  of  the  spirit  world  and  their  con- 
duct as  believed  in  throughout  the  several  neritie  areas  mentioned! 
In  the  cult  of  these  regions  what  similarities  esist  in  sacred  places- 
houses,  imnges,  and  worshipsT     What  folk  customs  seem  to  be  aktnt 

12.  Modern  witnesseg.—'Not  only  trained  ethnologists,  but  naval  ofB- 
cers,  navigators,  travelers,  and  missionaries  are  constantly  testifying 
and  declaring  their  convictions  of  the  commerce  and  blood  rGlatioushi|i 
between  the  two  sides  of  the  Pacific.  Any  one  of  these  wituesses  might 
be  entirely  inadequate;  but  what  weight  is  to  be  given  to  the  cumula- 
tive testimonyl 

In  brief,  the  conditions  deniande<l  for  aboriginal  comnmnieation  are 
the  following: 

1.  Abundant  supply  of  food  and  clothing  all  the  way. 

2.  Easy  means  of  transportation  and  conveyance. 

3.  Impelling  oceanic  currents  and  highways. 

4.  Favoring  winds  and  temperature. 

5.  Encouragements  rather  than  drscouragenients,  invitations  and  not 
barriers. 

6.  Besemblances  of  ethnic  kinships. 

7.  Similarities  in  social  structures  and  functions  dei>cnding  on 
kinship. 

8.  Homologous  types  in  language. 

9.  Similarities  in  arts  otherwise  inexplicable. 

10.  The  favorable  witness  of  arclueology  and  history. 

11.  The  same  traditions,  folklore,  mythology,  and  cults. 

12.  The  confirmatory  testimony  of  etlinographers,  travelers,  obscrv- 
eis,  etc. 

Let  US  examine  them  in  order. 

A    DEFINITE   PROPOSITION. 

In  order  to  test  the  foregoing  questions  the  following  concrete 
hypothesis  is  .ulvanced  for  examination: 

That  during  the  centuries  in  which  Europe  was  working  out  of  her 
carlieststoncageintolierrenaissance,  certainly  for  three  thousand  years 
or  more,  America  was  being  steadily  and  continuously  pco|iled  from 
Asia  by  way  of  its  east«ru  shores  and  seas  from  the  Indian  Ocean.    Sub 
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sidiary  moTementa  in  the  way  of  offgboots  from  this  migration,  contribo- 
tiona  to  it,  and  barriers  to  its  progress  were  effected  up  aod  down  the 
rivers  and  in  the  seas  of  India,  China,  Mongolia,  and  Siberia.  That 
BDch  a  movement  was  practicable,  consider  the  following  argoments : 

I. — abuhdancb  op  food. 

In  each  of  the  areas  mentioned  there  are  a  great  nnmt>er  of  spe^-iea 
of  food  plants  and  animals;  the  individnaln  of  many  species  ate  of 
great  size,  and  of  all  tlie  species  there  is  prodigal  qnautity. 

In  the  Indian  Ocean  and  South  China  seas  the  animals  are  tropical 
and  the  natives  are  expert  in  their  raptnre. 

In  East  China  Sea  and  Japan  Sea  are  inexhanittible  supplies  of  shad, 
herring,  mackerel,  cod,  and  local  species.  Besides  these,  fowl  plants, 
water  fowl,  and  marine  invertebrates  still  abound  for  every  need  of  the 
people. 

Before  the  Rossians  t>egan  their  operations  in  northeasrem  Asia 
the  peninsula  of  Kamchatka  supported  (KI.OCHt  inhabitants;  but  ander 
their  rule  the  nsing  up  of  the  food  supply  and  the  introduction  of 
fatal  diseases  decimated  that  nomber.  At  the  pre.-^nt  time  the  Kea 
of  Okhotsk  would  yield  salmon  and  other  aquatitt  fo<Ml  in  abundance 
for  any  aboriginal  needs;  and  prior  to  one  hundred  and  fifty  years  ago 
the  Rhytina  afTorded  the  absolute  maximnm  of  aliment  for  the  least 
effort.  There  was  also  no  limit  to  subsistence  in  Bering  Sea.  Further- 
more, no  sooner  do  we  approach  the  latitude  where  the  rigors  of  the 
climate  demand  extra  clothing  and  fuel  for  the  Ixxly  than  we  find 
marine  mammals  and  land  mammals  sajiera bounding.  Whale,  seal, 
walrus,  and  sea  lion  iii  the  water,  and  elk  and  reindeer  and  Wars  on 
land,  are  even  more  serviceable  than  the  fish,  for  they  are  houHe  and 
fnniace  and  clothing  and  food  all  in  one.  In  no  region  of  the  worhl  do 
food-flsbes  and  land  and  sea  mammals  exist  so  abundantly  and  so 
accessibly.' 

II. — THE  TTATAI.  POKKIBILITIKK. 

To  investigate  the  second  topic,  namely,  the  ixwsibilities  of  such  a 
voyage  or  journey  with  the  appliances  at  hand,  it  will  be  newKwary  to 
in4]uire  as  to — 

1.  Its  length  and  directness. 

2.  The  quality  of  the  ships  and  other  modes  of  conveyance, 

3.  The  ability  of  the  mariners  and  native  travelers. 

4.  The  depth  of  water  and  the  <rharacter  of  land  roaU'n. 

5.  Whether  the  environment  is  such  as  savages  aie  iu^nst«m«l  to, 
1.  Lenfflh  and  di>«rf««M.— All  mo<Iem  Bteamshi|.H  travel  on  the  great 

'Cf.  V.  S.  Nat.  HnMDm  balletiDB  of  London  Kixheriex  (;.imnii"i..n ;  It^fxrrt..  ku., 
C.  8.  Fi«h  CommiraioD ;  Koport  JspBDcw  fororoiwiioii,  Worl.l'n  t  r.liiinhiaD  Kipiai' 
lion.  Ttio  writer  &cknow]edgm  bU  ohligatiooa  to  I>r.  O.  Drown  Gomla  and  Vr. 
TarletoD  H.  B«u)  for  infiwiDatioii  «a  theM  poinU. 
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circles  of  the  earth  as  the  8hort«8t  distance  between  two  points  The 
Canadian  Pacific  steamers  skirt  the  Aleutian  chain  on  the  way  to  Vic- 
toria from  Yokohama.  A  great  circle  of  the  earth  between  the  Straits 
of  Malacca  and  the  Colombia's  month  passes  through  every  one  of  the 
shallow  food-stocked  areas  named,  and,  contiuuing  ooward,  is  in  tench 
with  the  buffalo  feeding  grounds  at  the  sonrcesof  the  great  rivers,  with 
the  pueblo  region,  Mexico  and  Central  America,  and  the  highlands  of 
Pern  and  Ecuador.  The  Aztecs,  Mayas,  Ghibchas,  and  Keclinas  were 
the  antipodes  of  the  ancient  inhabitants  of  the  Malay  Archipelago. 

2.  Mod^  of  conr^anee. — As  for  the  ships,  it  will  be  admitted  that 
the  aborigines  of  this  continent  were  possessed  of  every  form  of  boat 
known  in  the  Eastern  Continent  except  the  outrigger  canoe — kaiak, 
umiak,  pirogue,  bark  canoe,  coracle,  skin  float,  raft,  and  reed  float.  They 
were  singularly  poor  in  appliances  for  land  travel  south  of  the  dog  and 
snow  line;  indeed,  they  kept  to  the  waters  closely.  By  a  system  of 
portages  they  had  connected  the  Arctic  Ocean  and  the  Columbia's 
mouth  with  the  Atlantic  and  the  Gulf  of  Mexico.  On  our  great  circle, 
in  areas  14  and  15  on  the  map,  the  American  camel  assumes  the  rote  of 
burden  bearer. 

Upon  the  Asiatic  side  the  aborigines  have  been  greatly  disturbed  by 
Russians,  Japanese,  and  Chinese;  but  in  the  Malay  Peninsula  are 
craft  as  varied  and  as  efTectual,  and  the  lines  of  the  vessels  are  strik- 
ingly like  to  those  of  our  western  coast;  and  the  natives  now  journey 
fhim  Bering  Straits  southward  to  Japan  by  dogs  and  on  snowshoes. 

3.  Mariners  and  native  travelers. — When  Europeans  visited  the  Indian 
Ocean  and  the  Pacific  these  waters  were  covered  witli  hardy  navigators. 
I  am  even  tempted  to  suggest  that  the  turning  aside  of  a  stream  of  pre- 
Malays,  who  were  the  Phoenicians  of  the  Orient,  by  the  Mongoloid  intru- 
sion from  inland  may  have  led  to  the  peopling  of  the  archipelagoes  of  tbe 
Pacific  after  America  was  fairly  settled  and  a  northward  migration  waa 
interrupted. 

4.  Water  and  land  routes. — All  the  way  from  the  Straits  Settlements 
to  Vancouver,  as  will  be  seen  by  tbe  Challenger  map  and  the  British 
Admiralty  charts,  we  have  shallow  water.  There  is  a  broad  bench  cod- 
stitnting  the  marine  feedinggroundgWhere  the  series  of  outlying  islands 
and  archipelagoes  fence  i[i  the  neritic  areas.  The  conditions  are  perfect. 
And  inland,  where  navigation  is  the  least  perilous,  food  becomes  the 
more  abundant. 

5.  Nature  of  environment. — Each  one  of  these  environments  is  within 
the  capabilities  of  ravages.  The  landmarks  were  their  light-houses; 
the  inlets  were  their  harbors  innumerable;  the  grass  and  the  color  of 
the  water  were  their  barometers;  tbe  mammals,  fishes,  and  birds  were 
their  pilots.  They  were  scarcely  subjected  to  the  terrors  and  dangers 
of  the  fathomless  sea.' 


'  For  tbe  land  jonrney  from  Japan  to  B«rltig  Strait  couBult  Reindeer,  Dogn,  bdU 
■shooB,  by  Richard  J.  Buah,  N.  Y.,  1871. 
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III. — OCBAM  CTTBBENT8  AHD  POOD  SUPPLY.' 
Id  following  this  line  of  enormous  food  supply  oar  voyagers  would 
be  materially  aided  by  the  ocean  carrents.  The  equatorial  stream  of 
the  Pacific  flows  westward  between  the  Tropic  of  Cancer  and  the 
Micronesian  archipelagoes.  On  reaching  the  9outh  China  Sea  it  is 
split,  a  part  going  southward  and  westward  iuto  the  Indian  Ocean  and 
a  part  northward  and  eastward,  tike  our  Gnlf  Stream,  skirtiug  the 
outer  rim  of  the  seas  that  I  have  mentioned  all  the  way  to  the  Columbia 
Itiver.  Within  these  seas  counter  currents  and  eddies  help  to  equalize 
the  temperature  of  the  adjacent  lands.  The  effect  of  this  Euroshtwo,  as 
the  ocean  cnrreut  is  called,  is  much  greater  upon  the  food  supply  than 
upon  the  people.  Bringing  millions  of  tons  of  tropical  silt  and  low  sea 
forms  iu  its  stream,  this  Nile  of  the  Pacific  deposited  them  over  the  bed 
of  the  landlocked  areas,  acting  like  a  top-dressing  upon  soil  and  a  feeder 
of  the  aquatic  food  fauna.  The  lowering  of  temperatnre  northward 
naturally  would  give  the  migrants  an  increased  advantage  in  life's  strug- 
gles as  the  climate  became  more  stimalating,  fecundadug,  and  strength- 
ening. 

IV.— PEEV AILING  WINDS  AND  POOD. 

As  for  the  prevailing  winds,  the  trades  blow  westward  in  the 
Tropics.  On  reaching  the  Pacific  shore  they  would  follow  some  such 
law  as  that  of  the  waters,  but  during  the  months  of  May  to  October 
the  simoom  from  the  Indian  Ocean  pushes  northeastward  and  drives 
the  trades  along  Asia  northeastward.  As  we  proceed  the  ocean  cnrrent 
is  spread  out,  and  the  winds  blowing  from  warmer  latitudes  exert  their 
benign  influences  ou  the  coast  of  southeastern  Alaska,  British  Colum- 
bia, and  the  State  of  Washington.  The  temperature  of  the  whole  route 
is  equalized.* 

>  Cf.  Die  nnfreiirillige  Wnnderungen  im  grotsen  Ozeon.  O.  SiUig,  Petermanu's 
Uitteil..  vol.  36,  Noe.  7  aaiS. 

'1.  Th«  annaal  JBothenn — 20°to — 10°C.  I  aliBll  call  theAroticoraa.  It  lucladee 
(1)  Arctic  America,  sweeping  below  the  circle  at  HudaoD  Bay;  (2)  Greenland  above 
^^  north ;  (3)  ArotJo  Asia,  and  pnahing  down  to  Jakntsk,  in  Siberia. 

2.  The  aDQual  isotheim  —10°  to  0°  C,  inolading  Alaaka  south  of  the  atrait,  nortb< 
em  Canada,  southern  Greenland,  Laplaod,  northern  Rassia,  tbe  northern  Altaian 
piedmont,  Okhotsk  Sea,  Kamchatka.    It  is  the  interhemispherio  ethnic  area. 

3.  Theannnal  isotherm,!)^  to-t-10°C.,  inclndingsontbeast  Alaska,  British  Colum- 
bia, BOUtbem  Canada  to  Xew  York,  sonthem  tip  of  Greenland,  middle  or  blonde 
Europe,  Mongoloid  Asia,  northern  Japan,  sonthem  Saghalien,  southern  Kamchatka. 

4.  10°  to  20°  C,  United  States,  temperature  rising  west  to  Rockies  by  long  curve 
and  then  southward  by  precipitous  cuive;  Mediterranean  or  Meloncbroic  Europe, 
central  Asia,  China,  and  Japan. 

5.  20°  to  30°  C.,  tbe  tropical  world,  int«rior  basin  of  tbe  United  States,  northern 
Africa,  Mesopotamia,  Afghanistan,  India,  Farther  India. 

Tbe  Hnmmer  temperature  of  the  Yukon  region  is  that  of  Sagbalien,  Korea,  Japan, 
and  China. 

The  isobar  of  Hongkong  poaaea  along  Japanese  Isles,  aroand  the  shore  of  Okhotsk 
Sea,  across  Bering  Strait,  audcroases  America  jost  north  of  Vaooonver.  i 
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v.— ENC0UBA.QEMBNT8  AND  DiSOOURAGEMENTS. 

Morgan  says  ttiat  barbarians,  igoorant  of  agricultare  and  depending 
upon  flsli  and  game  for  subBisteiice,  spread  over  large  areas  with  great 
rapidity.  Under  the  operations  of  purely  physical  causes  they  wonld 
reach  iu  their  migrations  the  remotest  boundaries  of  a  cootiueut  in  n 
much  shorter  time  than  a  civilized  jieople,  with  ull  the  appliances  of 
civihzation.' 

The  same  is  true  of  the  seas  so  long  as  they  are  unimpeded.  Even 
after  the  first  occupancy  new  peoples  constantly  wedge  themselves  in, 
as  they  tiave  done  iu  Columbia,  Washington,  Oregon,  and  California. 

Two  tilings  would  modify  the  track  of  migration  which  we  are  dis- 
cussing, to  wit: 

1.  The  intrusion  into  the  neritic  areas  along  the  Asiatic  side  of  peo- 
ples that  were  sedentary  and  who  assumed  ownership  of  them',  turning 
the  highways  into  possessions  and  blocking  further  progress  of  migra- 
tion. This  intrusion  ended  at  the  Korth  with  Bussia  and  the  United 
States,  1728-1894.  The  white  race  iu  1498  first  set  its  greedy  eyes  upon 
the  east,  and  Magellan  died  on  the  Philippines  iu  1521, 

2.  The  intrusion  of  foreign  elements  into  the  stream  of  northeast 
movement.  To  continue  the  figure  of  the  Haida  voyagers,  supposing 
tliey  liad  replaced,  as  they  went  from  sea  to  sea,  any  who  died,  whether 
men  or  women,  with  recruits  from  the  shore.  In  a  long  voyage  the 
complexion  of  the  crew  on  arriving  at  Victoria  would  be  greatly  modi- 
fied ;  also  they  may  have  left  at  the  months  of  the  Canton,  Yangtze, 
Yellow,  and  Amoor  rivers  one  or  more  pairs  of  their  passengers.  All 
of  these  things  wonld  have  been  perfectly  natural  to  do. 

But  supposing  that  instead  of  a  single  canoe  load  of  fifty  Indians 
there  were  a  stream  of  canoe  loads  flowing  for  thousands  of  years, 
when  the  eastern  part  of  Asia  was  like  the  west  coast  of  America  fifty 
years  ago;  then  colonies  would  be  dropped  iu  every  favorable  place 
and  the  peopling  of  eastern  Asia  woidd  go  on  from  the  sea  op  the 
rivers  and  not  fn)m  the  laud  down  the  rivers.  These  peopUugs  may 
be  described  as  waves,  and  we  might  speak  of — 

1.  The  American  wave  leaving  the  Japanese  shell  heaps. 

2.  Eskimo,  Aleut,  Jenessai,  Ostyak  ware. 

3.  Hyperborean  Asiatic  wave,  peopling  Siberia. 

4.  Aiuo  wave,  quite  as  likely  to  have  followed  our  route  as  any  other 

5.  Mongoloid  waves  from  inland  seaward,  ending  in  permanent  indus- 
trial settlements  and  the  cessation  of  migrating. 

Imagine  eastern  Asia  at  the  beginning  of  our  era,  or  a  thousand  years 
before  that,  the  abode  of  teeming  populations  of  aborigines,  living, 
moving,  trading  along  these  landlocked  highways  abnndantly  provided 
with  food.   They  were  fishers  and  hunters.    Contemporaneously,  in  the 


'Morgtui  iu  Beach's  ludion  Mbicellany,  Albany,  p.  159, 
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!Nile  Valley,  in  Syria  aud  Mesopotamia,  iu  China  aiid  ludia,  cereal, 
pastoral,  and  mecbanical  industries  have  been  developing.  Many  of 
the  peoples  practicing  tbem  push  to  the  eafitj  they  divide  the  coast. 
The  aborigines  disappear;  they  leave  their  shell  heaps  aud  move  north- 
ward, then  eastward  aud  westward,  followiug  the  winds  and  currents, 
aud  take  the  shortest  aud  most  iiivitiug  path  onward. 

Thero  came  to  the  eastern  side  of  America  three  huudred  years  ago 
the  nations  of  Europe.  They  crossed  the  continent  and  circumnavi- 
gated it.  They  severed  our  aboriginal  Pacific  Coast  culture  iu  many 
places : 

1.  The  Russians  in  Beriug  Sea  nearly  severed  the  native  commerce 
of  the  two  hemispheres. 

2.  The  Undsou  Bay  Company  eolisted  the  movements  of  the  Indians 
iu  their  behalf  and  destroyed  the  ahorigiual  migratious  and  commerce. 

3.  The  American  fur  traders  projected  their  operations  between  the 
stocks  of  Oregon  and  California. 

4.  These  were  followed  by  explorers,  settlers,  aud  miners  in  our 
century. 

5.  The  transcontinental  railroads  and  the  creation  of  indei>cndeDt 
states  obliterated  all  vestiges  of  former  aboriginal  movements. 

VI.— THE  EACB  PUOBLEM. 

The  opinion  of  such  scholars  as  Morgan  aud  Briutou  as  to  the  unique- 
ness and  homogeneity  of  an  Ainericau  breed  or  race  is  not  gainsaid, 
but  sorely  the  last  word  has  not  been  said  upou  this  theme.  It  can  not 
be  denied,  however,  that  this  race  is  a  mixed  one  fundamentally,  aud 
that  there  enter  iuto  it  varied  aiitbn>pometric  characters.  This  is  not 
only  true  of  the  living  tribes,  but  of  the  bones  from  the  graves.  It  has 
even  been  averred  that  Polynesians  may  have  crossed  from  the  Pacific 
archipelagoes,  moved  northward  and  mixed  with  long-headed  northern- 
ers, forming  a  mesoceplialic  type. 

Now,  I  would  beg  leave  (o  suggest  a  differeut  solution  for  these  mys- 
teries: Following  the  most  ubuudaut  food  supply  along  the  seas  iu 
which  primitive  men  were  best  equipjted  to  obtain  it,  following  currents 
of  earth  forces  that  would  furnish  incitement  and  even  motive  power, 
the  ancestors  of  Malays,  Polynesians,  and  Indians  could  have  come 
from  the  equator  to  America,  traversing  for  nearly  the  entire  distance 
a  series  of  landlocked  seas  of  shallow  water,  abounding  in  food  supply 
of  fish  aud  birds  and  marine  invertebrates,  and  part  of  the  way  with 
innumerable  vertebrates,  as  we  have  seen. 

As  to  cranial  index,  the  Eskimo  are  among  the  longest- headed  peo- 
ples of  the  world,  ranking  with  Abyssiuians,  Caroline  Islanders,  Hot- 
tentots, aud  some  Polynesians.  Most  Americans  are  mesocephalic,  as 
are  the  Malay-Polynesians,  but  the  northern  Mongoloids  are  the 
shortest-heuded  people  in  the  world.    In  nasal  index  Tupiuard  places 
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tlie  redskins  uext  to  the  yellov  races  of  Asia,  and  in  his  genenl 
scheme  the  redakins  follow  the  Polyneuans.' 

VII.— THE  PEOBLEMS  OF  SOCIOLOGY. 

All  the  tribes  in  America  except  the  Eskimo  were  found  living  ouda 
a  peculiar  system  of  relationship.  Each  tribe  was  endogamoas,  bat  it 
was  split  into  geutes  that  were  exogamons.  Connected  with  this  was 
a  system  of  classific  relationship,  descent  in  the  female  line,  and  other 
social  and  political  regnlations  that  were  new  to  the  explorers.  Mor- 
gan found  that  each  great  ethnic  group  bad  its  owu  marital  and  polite 
ical  system,  and  these  he  has  classified  in  his  monumental  work.  Be 
says:  "The  system  of  the  Seneca- Iroquois  Indians  of  New  York  is 
identical,  not  only  in  radical  characteristics,  hut  also  in  the  greater 
portion  of  its  minute  details,  with  that  of  tbe  Tamil  people  of  south 
India."  It  is  not  to  be  supposed  that  the  Tamil  and  the  Iroquois  are 
for  that  reason  brothers.  But  they  are  in  possession  of  a  common 
social  expression  that  qame  to  them  both  from  a  common  source. 

Till.— AMEBIC  AJ4  AND   A8IA1IC  LANGUAGES. 

Linguistically  speaking,  the  Bering  Strait  is  not  tbe  dividing  line  of 
two  continents,  since  the  Eskimo  extend  also  into  Asia,  having,  accord- 
ing to  some,  gone  over  from  America.  Contiguous  to  the  Eskimo  in 
America  are  the  Athapascan  family  on  tbe  west  and  the  Algonqain 
family  on  the  east.  Contiguous  to  the  Eskimo  in  Asia  arc  the  Chukcbis, 
and  these  are  joined  to  other  unclassed  peoples.  Kow,  the  Chakchi 
litnguage  and  tbe  Athapascan  language  and  the  other  Asiatic  and 
American  languages  are  noted  for  their  lexical  and  grammatical  differ- 
ences and  not  for  relationships. 

But  there  were  one  hundred  and  twenty  separate  families  of  languages 
in  America.  The  peculiar  family  system  of  the  American  aborigines, 
restricting  marriage  in  the  tribe,  was  more  conducive  to  the  rapid  mul- 
tij)Iication  of  languages  than  any  other  that  could  he  deviled.  In  that 
dispersive,  centrifugal  period  of  human  history  which  preceded  the 
invention  of  a  written  language  changes  must  have  gone  on  rapidly. 
Furthermore,  philologists  have  not  had  the  material  upon  which  to 
work  in  forming  a  solid  theory  of  linguistic  relationships,  and  the  latest 
researches  do  not  justify  the  assertion  that  the  American  languages 
stand  alone  in  morphology. 

While  it  is  true  that  identity  of  language  is  a  good  proof  of  the  kin- 
ship of  peoples,  in  the  present  state  of  knowledge  the  lack  of  proof  of 
identity  is  no  disproof  of  relationship  or  acquaintance  in  times  remote, 
or  proof  of  nonrelationsbip  by  consanguinity  or  contact. 


■For  a  r^niu<^  of  modern  aobeiuea  of  mankind,  eee  the  anther's  "Accoanls  of 
ProffTPBa,"  in  Smithsonian  Annual  Reporlo,  1885  to  ltt93.    The  writer  doe*  not  soir 
icuaa  the  pTistine  home  of  the  human  Bpeciea. 
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IX.— SIMILARITIES  IN   AETS. 

To  attempt  iu  a  short  address  to  elucidate  the  whole  subject  of  simi- 
larities in  arts  aloug  the  two  shores  would  cbnaame  too  macb  time.' 
The  speaker  will  sufBciently  orient  himself  in  the  minds  of  his  readers 
by  sayiug  that  there  was  scarcely  an  original  fundamental  idea 
developed  upon  the  Western  Hempshire.  Every  one  of  the  industrial 
and  iesthetic  arts  here  cau  be  matched  by  oue  from  Asia  or  Oceaoicu. 
The  differences  are  varietal,  regional,  tribal,  special,  natural.  Many 
American  arts  also  tally  with  those  of  prehistoric  Enrope,  but  these 
also  came  from  that  common  ancestral  source  that  supplied  both  Europe 
nud  Asia  and  America. 

There  is  nothing  unnatural  or  improbable  in  the  suppositiou  that  the 
original  migrants  -to  a  country  should  lay  aside  an  art  on  the  way  and 
pick  it  up  again  in  succeeding  generations.  Tribal  memories  do  not 
die  because  demands  cease  or  resources  temporarily  fail.  This  does  not 
controvert  Tylor's  proposition,  that  a  people  that  has  acquired  an  art 
never  loses  it.  I  am  now  speaking  of  a  stream  of  migratio-i  starting 
out  from  the  equator  and  passing  northward  out  of  one  culture  area 
of  mineral,  vegetal,  and  animal  supply,  and  of  aerial,  marine,  and  ter- 
restrial conditions,  and  moving  northward  into  and  through  a  series  of 
different  supplies  and  conditions  as  far  as  there  is  a  motive,  and  then 
rei>eating  the  process  southward  on  another  continent.  This  would 
require  centuries.  In  one  region  a  peculiar  exigency  evokes  the  art  of 
working  in  hard  stone;  in  a  series  of  regions  beyond,  the  absence  of 
material,  or  of  the  proper  tools,  or  of  a  demand  for  tfae  product,  inter- 
rupts or  converts  this  art  into  something  else.  By  and  by  the  descend- 
ants of  this  people  come  upon  new  quarries,  demands,  and  appliances. 
The  art  or  folklore  breaks  forth  agaiu  iu  such  striking  similarity  to  the 
old  as  to  raise  the  inquiry  among  ethnologists  whether  some  unfortu- 
nate castaway  may  not  have  been  thrust  ashore  here  and  taught  all  the 
people  a  foreign  art.  This  is  highly  improbable.  The  naturalists  have 
DO  difBcalty  of  accounting  for  such  occurrences  in  nature,  and  they 
call  them  atavism.  Technical  atavism,  or  the  revival  of  au  industry 
that  has  lived  in  tradition,'  then  may  and  does  account  for  the  recur- 
rence of  some  ancient  Asiatic  arts  iu  America  and  of  the  same  art  iu 
'America  in  regions  wide  apart. 

X.— THE  WITNESS  OF  ARCH^SOLOGT. 

Archeology  has  begun  to  bear  testimony  ui>on  these  possible  migra- 
tions. Morse  discovered  shell  heaps  iu  Japan,  and  his  researches 
were  followed  up  by  Xanda  upon  the  stone  implements.     The  ancient 

I  The  natlior  is  preparing  for  publication  an  illustrated  paper  od  tbe  arts  of  tb«t<ro 
BideH  of  the  PaciBc,  in  nhicb  tho  matter  will  l>e  luiuutely  tliacuased. 

<Tliis  is  eirelleutly  illaBtratod  hy  Rae,  in  Jour.  Aothrop.  lost.,  LoDil.,  1S78,  Vol. 
VII,  »n.  130,  131,  with  refereuco  to  the  Eakimo  bonse.  ^-~  i 
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JapaDese  stone  implements  are  identical  with  the  American  in  tech- 
nitiae  aud  strikingly  similar  in  shape.  Even  the  aesthetic  forms  are 
wrought  in  precisely  the  same  manner.  It  is  well  known  that  several 
waves  of  aboriginal  occupation  preceded  the  present  Mongol  dyuasty 
iu  China,  and  stndeu'ts  are  waiting  with  interest  to  know  more  about 
them  aud  the  paths  by  which  they  entered  the  celestial  domain. 

II.— EELIGION  AKD  POLKLOEB. 

I  think  that  all  American  myths  point  to  northern  origin.  They  are 
filled  with  8torie.i  of  the  sea;  but  there  is  little  grouud  now,  in  the 
infancy  of  the  science  of  folkiore  and  mytholigy,  upou  which  to  build 
theories. 

I  mention  in  passing  the  Easter  Island  images,  the  N^ew  Zealaud 
and  other  Polynesian  wood  carvings,  and  the  general  suggestion  of  the 
Korthwest  totem  devices  in  the  Japanese  areas.' 

Father  Morice  says  that  the  western  Diju^  about  Stuart  Lake,  in 
British  Columbia,  have  a  tradition  that  "days  were  formerly  so  very 
short  that  sewing  the  edge  of  a  muskrat  skin  was  ail  that  one  woman 
could  do  between  satirise  and  sunset."^  Boas  says  that  the  Kwakiutl 
on  the  Pacific  coast  of  British  Columbia  tell  of  a  place  where  the  sun 
does  not  shine,  where  there  are  no  trees,  and  where  people  ride  iu 
boats  made  of  skins.  These  people  tell  of  a  place  where  the  trees  are 
all  hollow  in  the  middle  so  that  they  carry  water  in  the  trunks.  As 
a  matter  of  fact,  though  it  may  not  count  for  much,  the  same  tribe 
make  gashes  in  a  plauk  aud  convert  it  into  a  box  with  invisible  joiuu 
precisely  as  the  Chinese  work  in  bamboo. 

Ou  the  other  hand,  no  northern  tribe  has  the  slightest  conception 
that  they  have  relatives  in  the  south. 

Boas,  who  has  studied  the  west  coast  myths  more  thau  anyone  else, 
points  to  their  Asiatic  origin. 

III. — THE  TESTIMONY  OP  ETHNOGRAPHEBS  AND  OTOERS. 

Finally,  aud  I  do  not  think  that  such  cumulative  evidence  is  to  be 
despised,  all  intelligent  travelers  are  struck  with  the  similarities  exist- 
ing between  onr  west  coast  Indians  and  existing  eastern  Asiatics.  It 
is  true  that  those  who  have  noted  these  resemblances  have  resorted  to 
untenable  theories  to  account  for  them,  but  false  theory  and  good 
empiric  data  are  not  incompatible.  It  is  well  known  that  our  Eskimo 
have  peopled  a  portion  of  northeastern  Asia,  foUowiug  the  dominating 
instinct  for  aliment  and  comfort.  The  proposition  I  wish  to  defend  is 
that  this  close  connection  between  the  two  continents  has  existed  for 
thousands  of  years,  during  which  the  contact  between  western  Amer- 
ica and  eastern  Asia  was  more  and  more  close  and  extended  and 


'Cf.  J.  G.  Frazer,  Totemism,  Ediub.,  18HT,  Black. 
'  Tr.  Canail,  Inst.,  Toronto,  ISW,  IV,  pago  13. 
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onbroken  as  ve  proceed  backward  Id  time.  Or,  to  put  tbe  matter  in 
another  eliape,  there  never  was  known  to  history  a  day  when  the  two 
coDtineDtH  were  not  intimately  associated.  The  evidences  of  the  past 
seem  to  conflrm  the  opinion  that  aa  we  go  backward  in  time  the  geo- 
graphic conditions  were  more  favorable  sod  the  contact  more  intimate. 
In  conclusion,  the  author  has  not  here  undertaken  to  do  more  than  to 
clear  the  way  for  a  specific  study  of  the  civiUzutious  of  America  and 
those  of  eastern  Asia. 

Such  a  study  will  require  a  great  deal  of  patient  inquiry  on  the  part 
of  students  cooperating  systematically  and  Hcrapulouuly  only  to  know 
the  truth.  The  investigations  of  Dr.  Walter  Uoagh  sbow  that  the  lire 
drill,  consisting  of  a  vertical  revolving  shaft  and  a  liorizoutal  hearth 
piece,  exists  uninterruptedly  from  Australia  to  Tierra  del  Fuego,  and 
that  besides  this  common  apparatus,  on  the  contrary,  in  the  Malay 
area,  have  also  been  invented  tbe  fire  plow,  the  fii'e  saw,  and  tbe  fire 
syringe.  Wherever  the  better  modes  of  fire  making  have  superseded, 
as  in  Japan,  the  carpenter  goes  on  boring  boles  with  reciprocating 
motion  between  his  palms. 

Dr.  Hough's  studies  in  plate  armor  point  to  its  existence  in  tbe  entire 
stretch  from  Japan  to  tbe  Colombia.  If  anyone  will  study  carefully 
Von  8cbrenk's  Keisen  und  Forscbuugen  im  Amur-Laude,  third  volume, 
and  compare  the  figiu^s  and  plates  with  similar  illustrations  irom  tbe 
Aleutian  Islands  or  east  Qreeuland,  he  will  at  every  turn  be  arrested 
by  seemingly  useless  similarities.  The  curious  ivory  ornaments  on  the 
sea  otter  hunter's  wooden  hat,  made  at  great  cost,  ai  e  only  explained 
by  the  patterns  cut  from  bark  and  attached  to  their  clothing.  The  same 
odd  &shion  is  in  full  play  in  east  Greenland.  The  harpoon  of  the 
east  Qreenlander  and  the  central  Eskimo,  with  line  hole  tbrougli  the 
toggle  head  effected  by  two  diagonal  boles  bored  in  the  flat  side,  is 
almost  precisely  that  of  tbe  Giliak.  Tbe  canoe  of  bark  pointed  at 
both  ends  below  the  water  line  is  identical  on  the  Amur  and  the  Koo- 
tenay,  and  so  on. 

Tbe  author  protests  against  closing  the  door  of  investigation  per- 
emptorily, believing  that  it  is  the  privilege  of  all  to  open  any  question 
anew.  He  desires  to  lay  aside  for  the  present  any  arguments  relying 
upon  continents  that  have  disappeared,  npou  voyages  across  the  pro- 
found sea  without  food  or  motive,  upon  the  accidental  stranding  of 
junks,  or  upon  the  aimless  wandering  of  lost  tribes.  These  may  all 
have  entered  into  the  problem  of  the  aboriginal  life  of  America.  They 
are  historical  and  geological  qaestious  and  must  be  decided  by  the 
methods  of  these  two  sciences.  It  is  here  essayed  to  show  that  when 
the  continent  of  America  was  peopled,  it  was  done  by  men  and  women 
purposely  engaged  in  what  all  sensible  people  are  now  doing,  namely, 
trying  to  get  all  the  enjoyment  possible  out  of  life  for  their  ettbrts,  and 
that  tbe  present  condition  of  the  earth  and  of  peoples  offers  all  the 
opportunity  necessary  for  snch  peopling, 
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By  Capt.  J.  W.  Gambier,  R.  N. 

Moch  has  been  written  of  late  and  mnch  said  of  tbe  merits  of  the 
Canary  Islands  as  bealttt  resorts, but  as  yet  the  attention  of  tbo  ^n- 
eral  public  does  not  seem  to  have  been  drawn  to  tlie  extremely  inter- 
esting problems  as  to  the  remote  past  of  tbe  human  race  which  a 
study  of  the  mauners  and  cnstoms  of  the  ancient  inliabitants  of  ttiese 
islands  alfords.  Various  spots  ou  tbe  face  of  the  eartb  have  been 
claimed  by  scientific  men  as  the  cradle  of  the  human  rai'e,  and  different 
nations  adopt  different  names  for  the  three  or  four  recognized  types 
which  have  been  discovered  in  long  barrows  and  ruund  barrows,  in 
caves,  and  deep  under  the  soilj  but  practically  it  comes  to  the  same 
thing,  by  whatever  name  they  may  be  known,  if  we  can  only  identify 
these  people  with  others  bearing  the  same  structural  peenliaritie?,  itnd 
this,  as  regards  tbe  Guancbe  race  of  the  Canary  Islands,  we  are  enabled 
to  do.  We  trust,  therefore,  that  the  following  remarks  and  sketches 
may  enable  those  who  are  unable  to  visit  those  extraordinarily  inter- 
esting places  in  person  to  form  some  idea  of  what  onr  earliest  ancestors, 
or  at  least  their  contemporaries,  were  like. 

The  habitations  of  these  ancient  people,  who  were  of  what  we  call 
the  Iberian  race,' were  mostly  caves  excavated  in  the  sandstoue  rock, 
which  crops  out  in  some  parts  of  these  otherwise  almost  entirely  vol- 
canic islands.  But  the  stone  implements  of  ruder  form,  preserved  in 
the  museum  of  Las  Palmas,  were  no  doubt  the  workmanship  of  people 
long  ago  antecedent  to  those  who  scooped  out  these  very  symmetrical 
caves.  Who  or  what  they  were  is  lost  in  the  dim  uncertainty  of  the 
past,  and  nothing  bnt  their  bones  and  their  skulls  and  their  rude  imple- 
ments remains  to  us.  In  some  few  instances  the  caves  were  hollowetl 
out  of  tbe  easily  worked  tufa,  or  volcanic  deposit;  but  as  to  the  great 
majority  of  these  caves  iu  the  tufa  it  may  be  said  that  they  are  merely 
accidental  bolen  utilized  by  the  earliest  aborigines,  and  are  not  nearly 
so  interesting  as  tbe  sandstone  dwellings.  As  to  these  sandstone  caves, 
it  must  have  been  a  most  laborious  work  for  people  to  produce  them 
whose  only  tools  were  implements  of  stone.  It  may  be  accepted  as  a 
generally  well-ascertained  fact  that  in  some  of  these  caves  we  are  actu- 


'From  The  Antitiaary,  Noa.  19,  50,51,  new  Beries,  Vol. XXIX,  Jannnry,  Febrnarj, 
UftTch,  1894. 
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ally  standing  in  the  cave  homes  of  those  inhabitants  of  oar  j^Iobe  who 
lived  in  the  Paleolithic  age — that  is,  the  age  of  the  unpoliabed  atone; 
the  age  immediately  sacceeding  the  moat  primeval  race  of  which  ve 
have  any  trace  at  all }  a  race  whoae  antiquity  is  measared  by  the  light 
iif  modern  science  as  coexistent  with  the  last  glacial  epoch,  and  which 
possibly  existed  even  before  that  period.  Nor  is  this,  in  the  case  of  the 
people  we  wish  to  describe,  mere  snppoaition,  for  by  anthropometrical 
observation,  as  well  as  by  craniology  (the  twin  sciences  of  bamao  meas- 
urements of  bones  and  skulls),  we  are  brought  face  to  face  with  the 
fact  that  in  the  slow  and  eternal  evolution  of  the  human  race  certain 
structural  peculiarities  belong  to  these  early  races  whose  remaina  we 
find  in  these  islands,  which  have  either  been  modified  to  anit  an  altered 
cnvtroumeut  or  have  entirely  disappeared,  as  no  longer  necessary  either 
in  the  struggle  for  existence  or  in  tbe  enjoyment  of  life — the  two  most 
potent  factors  in  all  the  complex  processes  of  evolution. 

As  regards  this  stmctnral  alteration,  it  may  be  briefly  said  that  a  cet- 
tain  peculiarity  in  the  elbow  joint — which  doubtlessserved  some  purpose 
to  our  arboreal  progenitors,  but  which  in 
parts  of  Europe  where  races  have  been 
morerapidlyniixed,orwber'  civilization 
has  made  more  rapid  strides,  and  coose- 
quently  the  process  of  evolution  become 
more  determined,  has  ceased  to  exist — 
existed  among  the  Guanches,  and  is  still 
found  among  their  descendants  to  this 
day  in  a  proportion  far  exceeding  that 
in  any  other  known  race.  In  England,  in  oar  days,  this  peculiarity  is 
practically  extinct — in  some  parts  of  the  world  it  reaches  2  per  cent  of 
the  population — but  bere,  among  the  Guanches,  it  has  been  ascertained 
by  actual  observation  to  reach  to  the  astonishing  number  of  20  per  cent, 
showing  a  race  who  have  been  so  little  intermixed  and  so  direct  in  descent 
from  the  Stone  age  as  ib  would  be  ditQcult  to  find  except  io  the  most 
isolated  parts  of  the  world,  among  races  such  as  the  Aztecs,  or  the  inhab- 
itants of  some  of  tlie  Pacific  Ocean  islands,  or  among  tbe  natives  of  Aas- 
tralia.    This  is  one  of  the  peculiar  interests  of  the  Guauche  race. 

This  sketch  of  the  arm  bones  shows  the  peculiar  bone  stmctara 
referred  to  above.  It  should  be  observed  that  the  ordinary  arm  bone 
has  no  hole  in  it  at  all.    (Fig.  1.) 

Again,  the  craniology  of  these  people  has  been  identified  by  Dr.  J. 
Cleasby  Taylor,  the  resident  English  physician  at  Las  Palmas,  as  prov- 
ing tbeir  Iberian  descent,  belonging  as  tbey  did  to  the  Dolichocephalic 
branch  of  the  hnnian  race.  So  that,  whether  the  Guanches  owe  tbeir 
origin  to  some  primordial  race  of  men  coexistent  with  tbe  earliest  genesis 
of  man,  or  whether  they  brought  tiiese  strongly  marked  stmctnral  char- 
acteristics fVom  Berber  or  other  mainland  races,  does  not  affect  the 
question  of  their  antiquity.     . 
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The  skulls  illostrated  (Fipa.  2,  3)  are  drawn  from  specimens  in  the 
collection  of  tlie  museum  of  Las  Palmas.    The  first  is  a  purely  Iberian 
type,  belODgitig  to  one  of  tbe  three  or  fonr  great  divisioDs  of  the  hnman 
nxTp— those  large  groups  or  nationalities  which  bad  gradually  formed 
1'ioin  out  of  the  ]>rimordial  and  half-simian  swarms  that  bad  preceded 
them.    These  Iberiaii»  inhabited  the  greater  partof  western  Europe  in 
an  infinitely  remote  i>erioc),  probably  toward  the  termination  of  the  last 
^liicrial  epoch,  which  some  would  place  at 
eighty    to    ninety    thousand    years    ago. 
'I'liese  men  lived  and  died  among  the  gigan- 
tic sininials  now  cstinet;  among  mammoths, 
tlie  giant  elk  of  Iceland,  the  cave  bear,  and 
BO  forth.     In  England  and  in  most  parts 
of  western  Europe  (except  Germany,  where 
they  never  penetrated)  the  remains  of  this 
race  have  been  found  in  what  are  termed 
tbe  long  barrows,  as  distinguished  from  tbe 
round    barrows,  which   belonged   to   the 
round  headed,  n  stronger  race,  who  gradn- 
ally  cbminated   tbe  weaker.     This  long-  p,   2 

beaded  race  are  known  asthe  Iberian ;  they  houcbockfhauc  kkuu. 

inhabited   the  Basque  provinces,  Spain, 

northern  Africa,  Hicily,  Sardinia,  Corsica,  and  the  Canary  Islands,  and 
it  is  the  same  race  who,  by  some  yet  unsolved  problem,  found  tbeir  way 
to  Mexico.    These  Iberians,  however,  gradually  gave  way  before  the 
stronger  races — the  Aryan,  the  Scandinavian,  and  the  Ligurian — bnt 
in  these  remote  Canary  Islands  they  lived  on  less  molested,  less  influ- 
enced by  more  dominant  races,  and  hence  have  transmitted  to  a  com- 
paratively recent  time  tbeir  structural  peculiarities.    For  this  reason 
the  caves  and  places  of  sepulture,  which  the 
Spanish  discovered  here  in  the  early  part  of  tbe 
fifteenth  century,  still  retained  the  remains  of 
the  most  ancient  race  known  to  us — still  indi- 
cated tbeir  modes  of  life,  and  brought  down 
tbe  manners  and  habits  of  the  Stone  period  to 
within  three  hundred  years  of  our  time. 

A  glance  at  the  two  Hkullti  as  drawn  here  will 
show  the  difference  between  the  two  types  of 
''"  *"  skull.    The  first,  it  will  be  observed  (an  ancient 

Guanchesknllof  theIberianrace),iBlongbebind, 
low  in  front,  and  has  the  jaw  hardly  at  all  advanced  from  a  perpendicu- 
lar line  down  from  tbe  eye-socket.  This,  in  scientific  parlance,  is  the 
Dolichocephalic  and  ortbognathi*;  type — that  is,  long-beaded  and  weak, 
or  slightly  protruding  chin.  The  other  skull.it  will  be  at  once  seen,  is  of 
a  different  tyi* — rounder,  bolder,  with  more  frontal  development,  and 
with  the  jaw  coming  well  forward.    This  is  called  the  Brachycepbalic 
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and  prognatbifi  type,  two  worda  describiDg  the  above  properties.  Now, 
these  Erachycepbalic  types  of  the  hamaii  race  are  those  that  have  saper- 
seded  the  weaker  race  almost  all  over  Europe,  and  it  is  from  tliese  that 
the  great  Anglo-SaxOD,  Scaudmaviaii,  and,  geuerally  siieaUio^,  Ten- 
tonic  and  Latin  races  have  come.  Of  conrse,  there  existed  intermediary 
types,  brought  about  by  intermarriage;  bnt  these  are  few,  and  in  the 
eternal  process  of  evolution  the  stronger  naturally  prevailed. 

The  mnminified  head,  of  which  we  give  a  sketch,  is  tlint  of  an  ancient 
Iberian.  It  is  quit«  im|>ossib1e  to  assign  a  date  to  any  of  these  Gnancbe 
mummies,  for  they  have  no  accompanying  writing  of  any  kind,  and 
have  left  no  record  behind  them.     (Fig.  4.) 

The  mummies  of  the  Canary  Islands  present  (ionie  very  interesting 
peculiarities,  and  have  been  found  in  great  numbers  in  the  caves  that 
have  been  tised  indifferently  as  places  of  sepulture  and  as  the  abodes 
of  the  living.    The  artof  embalming  must  have  been  learned  from  stray 
Egyptians  or  Phrenicians,  and  there  is  a  legend 
that  in  the  thirteenth  century  before  Christ 
the  then  Egyptian  ruler  sent  a  colony  to  these 
islands,  who  settled  here.    The  Guancfae  mam- 
mies, however,  differ  from  the  Egyptian  in  sev- 
eral respects.   Thebodiesweresewnnpinmany 
folds  of  goatskin  (twenty  to  twenty  five  in  some 
cases),  and  the  legs  were  sometimes  bent  back 
and  doubled  onto  the  breast.    The  bodies,  after 
a  little  preparation,  were  sun-baked,  and  were 
then  sewn  np  with  lamps  of  balsam  laid  in  Ctie 
folds.    Tliey  have  been  fonnd  in  a  perfect  state 
of  preservation,  though  many  can  not  bo  less 
than  3,000  years  old.     Up  to  what  date  the  Guanches  continued  to 
mummify  their  dead  it  is  difficult  to  say,  but  there  is  reason  to  sop- 
jjose  that  the  practice  has  been  extended  here  far  longer  than  any- 
where else  in  the  world.    All  their  dead  were  not,  however,  mummified. 
The  lower  orders  of  the  i>eople  were  buried  in  cairns,  the  body  laid 
on  a  heap  of  lava  and  covered  over  with  stones.    Thousiinds  of  these 
have  been  fonnd,  and  have  afforded  most  valnable  anthropometrical 
information. 

Oar  sketch  shows  the  mummy  of  a  yonng  woman  of  the  early  type, 
long  headed,  and  with  nonprojecting  jaw.  She  must  have  been  about 
5  feet  1  inch,  and  apparently  in  perfect  proportion.  She  was  a  mother, 
and  her  infant  baby  was  found  in  the  case  with  her,  and  still  lies  near 
her.  The  covering  skins  have  been  opened  for  examination.  (Fig.  ii.) 
We  must  picture  to  ourselves  the  ancient  Iberians  slowly  giving  up 
cannibalism,  slowly  learning  to  use  fire,  which  the  volcanoes  of  these 
islands,  that  were  active  until  recent  days,  must  have  early  taught  them 
to  apply  to  some  purpose;  or  we  must  think  of  them  as  struggling  with 
gigantic  animals,  which  by  constant  warfare  through  thousands,  iwssi- 
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bly  millioDS,  of  years  they  finally  ex  terra  i  Date,  and  we  must  wat«li  them 
fpi-adually  improving  in  suiih  rude  arts  of  fiishioDiutr  stone  as  we  know 
theiu  to  have  possessed.  Then  the  next  stride  wonld  have  been  by 
luakitig  their  cave  liomes,  employing  still  better  implements  of  stone, 
polishing  basalt,  and  shaping  many  things  which  indicate  both  skill 
and  imagination  in  their  design,  and  so  on,  nntil  tliey  begin  to  adopt 
pastoral  habits,  to  breed  flocks  and  benls,  and  with  some  gradually 
dawning  ideas  of  what  we  term  modesty,  atiti^^hing  the  skins  of  their 
goats  and  sheep  into  garments.  Thus  slowly  these  islanders  drift  on, 
forming  tliemselvert  into  families,  and  into  village  communities,  and 
nit  consciously  evolving  some  patriarchal  kind  of  government;  take  to 
liaving  one  wife,  and  one  only;  discover  and  enforce  those  main  princi- 
cix>Ie8uf  virtue  to  which  even  all  our  civilization  has  added  nothing, 
ntiraely,  courage,  trnth,  and  chastity.  We  must  also  picture  to  onr- 
selves  that  in  other  parts  of  the  world  infinitely  more  rapid  strides  were 
being  made;  for  whilst  these  ancient  Caiiarinns  were  only  beginning  to 
polish  their  basalt  hatchets,  the  Etruscan  and  pre- Hellenic  races,  the 


Ligiirians  and  onrown  Celtic  ancest^s,  were  already  fashioning  bronze; 
Homer's  heroes  were  fighting,  and  were  b(^ing  buried  at  Hissarlik ;  and 
warriors,  whose  mythical  names  seem  to  have  reached  our  day,  were 
conquering  still  eariior  races  inonr  own  ishmds.  And  still  greater 
changes  F;oon  took  place  among  more  forward  races  in  Europe  and  Asia. 
Iron  was  supplanting  bronze;  the  niythival  personages  of  pre-Hellenic 
days  were  giving  way  to  historicid  men  and  women;  civilization  was 
niftbing  forward ;  the  perfect  government  of  early  Greece  was  forming 
itself;  dyna.stie3  in  Egypt  were  rising  and  falling;  the  Ph<Enlcians 
were  xwopling  Spain,  and  driving  ont,  or  becoming  identified  with,  the 
Iberians  of  that  land;  and  even  the  Celts  in  our  islands  were  giving 
way  before  the  i>owerful  red-haired,  strong-Jawed  Si'andiiiavians.  But 
here  in  Canary  things  8t4>od  still.  The  people  were  a])parently  per- 
fectly content  with  their  own  mode  of  life,  and  lived  on  in  their  cave 
dwellings,  undisturbed  by  the  strife  and  bloodshed  which  inevitably 
accompany  civilization. 

The  sketches  we  give  illustrate  the  rude  stone  implements  used  by 
these  people  in  excavating  their  cave  homes,  the  very  same  caves  that 
bm04 SO 
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are  still  inhabited  by  the  islanders  of  this  day.     They  were  hdd  in  ow 

band  and  nsed  as  ve  use  a  pick;  bat  fhjm  tUt)  shape  of  one  oT  thc«e 

sketches  it  will  easily  be  observed  that  a  hammer- shaped  instmBieni 

was  also  used.    These  all  belong  to  the  Paleolithic  age.    They  are  gea- 

erally  chipped  roi^bly  oaL 

ofblnelias,  weigbiDs4wj 

pounds  each.   A  larger  kwd 

weighed    as     much     as   S 

]x>and8.     (Fig.  C.) 

The  next   group    bekag 

to  tlie  Xeolithic  age,  and  ii 

would  seein  that  in  tbisagc 

--,<  greater  precision  of  woii- 

mansfaip  was    obtained  ii 

cave  making,    as    is    ooh 

natural  with  improved  in* 

stmmeuts.     What  intemi] 

of  time   elapsed     between 

these  periods  is  uaturally  merely  conjecture.    These  neolitbitr  instn 

mcnts  are  generally  of  lava  or  aorne  hatd  trap.    They  were  Hinallei'. 

and  many  were  of  the  ordinary  spear  and  arrow  head  form  foaud  sU 

over  tbe  world.    (Fig-  7.) 

But  now  we  come  to  a  classic  period  in  this  Gaanche  life.     For  thoagb 
they  remained  untouched  by  what  was  going  on  in  the  world,  the  world 
itself  already  began  to  feel  a  deep  interest  in  theise  "  Fortunate  Islands,' 
especially  the  Greeks   and  Phcenicians,  to  whose  iudaence  it  is  not 
to  be  doubted  the  islanders  owed  some  advance  in  their  ceramic  art, 
and  possibly  improvements  in  their  mode  of  life.     For  these  were  tbe 
islands  of  the  Hesperides,  and  the  peak  of  Teucriffe  was  the  Atlas 
that  bore  up  the  heavens;   and  to  these  very  islands  Homer  made 
Jupiter  send  Menelaus  as  a  reward  for 
all  his  wrongs  and  all  that  lie  had  suf- 
fered.   They  were   the  Elysiau   Fields, 
"those  blessed  isles  where  the  bitterness 
of  winter  is  unknown,   and  where  the 
winds  of  the  ocean  forever  freshen  the 
balmy  air."     This,  too,  is  the  homo  of 
Plato's  vanished  Atlantis,  his  ideal  re- 
public. 

It  thas  becomes  a  strange  speculation  ^9^ 

as  to  how  around  the  lives  of  these  simple 
islanders,  people  only  half  emerged  from 
the  actual  condition  of  primordial  muti,  the  mostexquisite  myths  and  tbe 
mogt  deeply  suggestive  legends  of  old  days  have  grouped  themselves 
Here  were  a  people  who  scarcely  knew  vice.  Paid  vice  was  unknown ;  aoA 
the  Spaniards  record  with  wonder  that  they  never  lied!    But  to  letom 
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o  the  bisbirical:  lu  later  days  Plioy,  liigtoriau  of  Pompeii,  mentioDH 
%.%x  ex|H>ditioii  sent  t4)  "the  Fortunate  Islaods,"  nliich  brought  back 
its  "golden  apples"  (oranges),  and  alludes  to  those  wonderful  dragon 
trees,  wLose  age  lias  been  compnted  by 
Unniboldt  as  not  less  tliau  10,000  to  12,000 
years.  One  of  tlieae  enormous  trees  stood 
within  recent  timfs  at  Orotava,  It  was  the 
largest  tree  probably  in  tlie  world,  and 
was  considered  e8i)ecially  sacred.  Tt  was 
the  meeting  place  of  all  the  islanders  on 
religions  and  political  occasions.  We 
give  a  sketch  of  it,  which  has  been  copied 
from  a  small  original  sketch  in  the  museum 
at  Laa  Palmas,  taken  before  the  tree  was 
destroyed  iu  1S68  by  a  storm.  Hut  before 
this  nearly  two-thirds  of  the  tnw  had  al- 
readybeen  cut 
'^«*-  down.  (Fig.8.) 

And  now  for 
npwani  of  thirteen  hundred  years  after 
Pliny's  account  of  them  these  islands  arc 
lost  to  night,  emerging  agnin  by  their  re- 
discovery in  the  first  years  of  the  four- 
teenth century,  when  a  Norman  of  the 
name  of  iiethencotirt  once  more  visited 
their  shores  iind  took  possession  of  them 

in  thenameofthe  King  of  Spain.  ■    -     ■  _.^;_^ 

Wc  would  draw  attention  to  the  jiecu-  -     --\^-~' 

liarly      Kgyp-  '  j,,^;, 

tian    tyi>e      of  cavhhtbller  or  CAHiKT. 

face  of  one  of  '  """■*'""  , 

thewomen  given  in  our  sketches.  (Fig.  9.) 
Both  these  women  belong  to  cave-dwelling 
families,and  though  neither  can  besaidto 
be  a  real  Guanche,  as  none  of  that  race 
now  exist,  still  it  cint  easily  be  seen  in 
comparing  them  that  the  type  has  been 
transmitted  in  a  mnch  higher  degree  in 
the  one  than  in  the  other.  No  one  with 
ordinary  observation  can  fail  to  be  struck 
Fig.io,  by  the  peculiarly  "native"  gait  and  ges- 

c*t»pwn4.i>  or  cANimy.  ture  of  the  present  dwellers  in  the  caves. 

'"""' "" '  There  is  distinctly  something  nn-European 

in  all  their  gestures,  and  they  seem  to  have  reverted  to  the  .modes 
of  sittiug,  the  expression  of  face,  and  |>ofisibly  the  voice  of  their 
Guanche  ancestors,  precisely  as  in  the  United  States  we  see  people 

-glc 


wt  9ttr»  Er-.u-a  i-^rx'tai.  •i«ie*'0«Ae  or  rcprodariD^  the  lieatares  wtd 
vA-C-r  1^"  rr»:  >::•:  js— :s«~a:j!irhc«k  biiae.  thin  bootei]  jMise.  awlied 
r::>.v-  .  SM-ii-i.".^  z't:^  aad  D^sal  intooatioo.  Bst  alas!  if  the 
p<  -  s«i.  •I'^-t-  '•^  •<  ^«ii  ii-Luw-hr  aBce^rvsii^T*  hare  beeo  trans- 
ErT*»i. :  ■— r  p-ir-.ty  A»i  *»ff«  jTntle*«sK  kave  not  beeo  so  saccessfiiD; 

w^*^  :  .••  >;^r  <.  i^vadvil  rii«<#  isLiD<l<  tbey  found  a  condition  ctf 
A:fk~>  :~.>t  a.:-^  l^vr  ^'vtn  •,a::e  id«ai  and  iiufruMbly  nniqne  in  Che 
w.  •■  •;'"  '•.'.*Z'  ij.  T->  :^«  *tT;.:'::«:;tT  >/{  lb*  saT-atge  tbe«e  people  had  added 
*i;  :i*  i:.^»--  T.rtiT*:  i:;«in^L  Twwed  frwm  tb*  standpoint  of  nine- 
:«=.:a-<«rt:iir?  x.-  c-ultr.  u  :*  a  t;«T*  navesiy  to  describe  the  customs 
A::«i  Li-'i.:*  ■ :'  i^r-  GoaLvhr*  *s  si  »ny  way  pertaining  to  xrtiat  we  are 
p-~«t«c:  :-  ^  ::>:d«T  a»  <:iv,I:;ut>:ti.  The  mfit  were  brave,  a  lie  was  aa 
e-i-ar»i--f  i-r-se-an-dtET- trvati-^iT  and  fraod  of  the  Spaniards  a  revel* 
tic  :>■ :"  -:=  Ti«  w.>.,-Tn  wrr*  imt(>ri«»o>lT  rfaaiite.  Men  had  bnt  one 
*-.:>.  i::-!  rsi-lsit:  pr. ':t;^=d«-<t  n->i**t  tixbeir  fathers.  Their  f(»od  was 
^m;  r — :~  T  ::^:.  '>:'  p<i:.<.  w:tb  uiik  aiHl  fruit,  and  gofio  (stiil  the  main 
t»«i  ••:"  :'i~  s'lE-I*  .  w'_;.  h  n>n>i-ip  of  tlie  grain  of  bariey  crasbed  and 
n]U5:et!  *•: :  TE:\ti".  w.:b  a.;;k  or  wiib  water,  aei-ord in g  to  their  circnm- 
st.iL"*s.  I.. ft: :::  rverv  iV»r3i  was  as  pim-ioaii  as  it  is  to  a  Bruhmiu,  aud 
tb*-y  ^akkni  w;:b  L'^r^r  on  tiiocs«  wboe-*^  voi'atkMi  it  was  to  destroy  iL 
As  IS  i\.^  tr^-^  ir.  <":>:::»  t--t bis  day.  a  hoti-tierwas  an  outcast,  geQermlly 
a  )-r:~.::.aI.  wh**  i-xpiaied  tliir  enormiiies  of  his  crimes  by  having  to 
ini'-nr  L:?  h.i:  d-^  :n  tLe  iiiitkcu-nt  Mood  of  aDimals. 

Tht- 1->-'.  -^, ::(-:.<-»■  of  tLis  rxteuded  bomanity  was  that  the  very  birds 
o;'  l:.f  .>:r  i;i  :Lt->e  i>iji.ils  nere  ianie,  and  the  astonished  Sitauiards  saw, 
iMt:  unniixi^t  w::;;  u'd:  »iid  snperstitioii,  nature's  most  timid  creatures 
p!.ty;D^  anK'H^-^t  tLe  tWt  of  the  children.  These  iteople  bad  no  profes- 
sional priests,  aiid  in  (-ons4^|nem'«  had  no  idols  and  no  fetich.  They 
believed  i;i  one  Supreme  Beini;,  in  fntnre  punishment  and  rewards,  and 
all  tbeir  (nxl  :tske<l  of  th<-[u  was  a  pure  life  aud  a  reverent  attitndeof 
niitid. 

$<H'ial  prvtSilfiiis  :uiioito;  th<>  Gnanebes  seem  to  have  been  most  admi- 
rably tbou^Lt  <Hit.  So  as  to  insure  an  eigaalityof  wealth,  the  land  was 
distril>at*-d  at  the  dt-aih  of  the  head  of  a  family.  Tber«  also  existed  a 
peculiar  onler  of  self  dint-ting  Sisters  of  Mercy  anion'g  them,  devoted 
to  a  sinipte  life  of  nourishing  the  jioor  aud  needy,  elad  like  all  the  rest 
in  their  garb  of  goatskin,  and  only  distingaisbable  from  their  lay 
sisters  by  lives  of  abnegation.  They  remaiued  vestal  to  the  end  at 
tbeir  days,  ami  were  rightly  esteemed  to  have  merited,  and  were 
believed  to  have  earueil.  the  highest  reward  hereafter.  And  as  there 
WHS  no  pelf  for  the  priests,  there  was  natnrally  no  building  set  apart 
for  mystic  rites  and  eeremnaies.  They  built  dolniena,  as  we  see 
them  in  Wales.  Coniwatl,  or  at  Stoneheuge,  and  here  the  people 
assembled  aud  knelt  in  cirvles  with  their  hands  lifted  to  1: 
silent  prayer.    ■     -    • 
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^s  regards  the  ancient  language  of  tbe  Ouancbes,  it  is  generally 
a^ccepted  that  the  tnues  of  it  are  very  obscure.     Very  learned  treatises 
Ito.'ve  been  written  on  tbe  subject,  with  the  usual  result  that  most  of 
tbese  doctors  disagree.    Tbat  tbe  Spaniards  found  several  languages 
ill  existence  is  beyond  doubt,  and  some  authorities  maintain  tbat  that 
»l>oken  in  tbe  islan<l  of  Tenerifle  was  tbe  only  truo  (iuanche  language 
ill  existence  at  that  time.     But  the  most  rational  solution  of  this  babel 
of  tongues  is  that  the  hinguages  spoken  in  tbe  different  islands  were 
<lia.lects  of  tbe  same  mother  tongue,  which  tongue  must  have  been  of 
Berber  origin.     Sir  Edmund  Scory  (temp.  Elizabeth  of  England)  saya: 
'■'■  The  language  of  tbe  old  Guanches,  which  remayneth  to  this  day 
aiDOug  them  in  this  Island  in  their  towne  of  Candelaria,  alludetb  nmclt 
to   that  of  the  Moores  of  Barbary."    The  root  of  the  hinguage  was 
Aryan,  but  it  is,  or  has  been,  so  intermixed  and  overlain  by  many 
others  that  very  tittle  of  it  is  really  known ;  and  that  little  is  a  very  puz- 
zling subject  to  tbe  jthilologist.     Upward  of  a  thousand  words,  how- 
ever, are  known  to  us,  and  from  these  may  be  gained  a  very  fair  view 
of  their  religions,  social,  and  moral  t«netN.    Thus  tbe  word  Acatnan, 
alao  appearing  as  Atamnm  and  Aiuman,  and  meant  indiA'erently,  God, 
the  sky,  or  the  sun,  showing  that  the  Giver  of  Light  was  their  primi- 
tive conception  of  a  God,  tbe  usual  sun  worship  of  all  early  religions. 
Another  title  of  the  Deity  wiva  ^cgwayaawroir,  or  "The  Suetainer  of 
All,"  an  exquisitely  [loetical  designation.    Their  belief  had  nothing  in 
common  with  tbe  Jehovistic  idea.    Tbe  Guanches  seem  to  have  had 
Bomc  dim  idea  tbat  their  God  was  part  and  parcel  of  His  own  works, 
iuBeparable  from  them — coexistent  and  coeternal  with  natnre.    This 
may  be  inferred  from  the  fa^;t  that  God  was  hIko  known  in  Guanclie  as 
Ouarirari,  or  "The  htdwoller  of  the  Universe,"     But  again,  on  the 
other  hand,  He  was  also  known  in  one  of  the  isbinds  as  Achahuerahan, 
"  tied  the  Creiitor,"  bringing  it  back  to  the  old  dilHculty.    The  word 
Achimaya,  "mother,"  is  of  special  interest,  as  it  seems  to  contain  the 
germ  root  for  that  sweetest  of  all  words  in  so  nmny  and  widely  diver- 
gent languages.    Tiiere  is  clearly  some  connection  l>etween  "maya" 
and  mater,  and  the  "  inaia  "  of  Buddliu.     Here,  also,  i»  a  curious  resem- 
blance: Baran,  "  a  fern,"  which  by  the  ordinary  change  of  A  into  / 
be<tomes  "  farau,"     Gabuco,  ■'  a  goat  fold,"  resembles  "caper"  or  "cajira" 
in  Latin.    The  name  for  the  moon,  Cel,  seems  to  contain  the  germ  of 
the  Greek  aeXrfyrj.    Another  curious  resemblance  is  found  in  the  word 
Magada,  "  a  virgin;"  Gothic,  yfagath ;  old  German,  Mafiad ;  modern 
German,  Magd ;  English,  ^faid.    A  prefix  to  this  word,  Hari,  meant  a 
vestal  virgin,  Harimagada.    Is  this  Hari  the  same  word  as  the  German 
Beilig  t 

Perhaps  an  entire  sentence  may  be  of  interest,  for  which,  together 
with  the  preceding  Guauche  words,  I  am  indebted  to  a  paper  on  the 
language  of  the  ancient  natives  of  these  islands  by  the  Marquis  of 
Bute:  ^^Ackoran,  nun  habec,  Sahagita  reste  quagnat,  nahur  banot  gerage 
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tote.'"  which  in  truislAted:  "I  swear  by  the  boneof  Itim  w-bohwtmiM 
the  crown  to  follow  his  example  and  to  make  the  happiness  oivij^ 
jectn.'^  -'Janaga  qtutg^ek,  arckiwuneeu  no  ha^  dir  kanido  Moice  ekuufn 
jM^NC—uThe  powerfiil  Father  of  the  Fatherland  died  and  Idt  At 
natives  orphans.'* 

These  seotencee  give  an  idea  of  the  language  to  which  these  ancial 
races  were  accaetomed,  and  also  point  out  how  poetical  wen  tint 
ideas. 

In  many  respects  this  primitive  language  seems  to  have  been  sin^ 
larif  fortooate,  for  the  Harqnis  of  Bute  observes  as  to  their  vola. 
''There  is  only  conjugation,  and  it  seems  to  be  beaatifally  developed. 
as  though  upon  a  purely  logical  basis,  like  an  ideal  generated  &ob  i 
philo»opber'H  though t." 

As  regards  tlie  cave  dwellings,  though  many  are  scattered  throat^ 
out  itil  the  inlands  of  the  Canary  group,  the  chief  are  at  Atalaya,  in  tbt 
Grand  Canary,  about  7  miles  from  the  port  aud  town  of  lata  Palnas. 
This  City  of  Caves  is  situated  on  a  peculiar-shaped  lime  aad  sandstoM 
hill,  which  projects  into  a  wild,  rugged  valley,  overlooking  a  great 
expause  of  coontry,  the  sea  lying  for  below,  and  the  main  mooiitain 
range  of  the  island,  some  7,000  to  8,000  feet  high,  rising  behind.  Tbc 
road  to  it,  lifter  leaving  the  modern  and  excellent  Spanish  carriap 
road,  is  rough  and  fatigoiug,  and  is  probably  as  ancient  a  track  aa  bu 
been  ever  trod  by  human  feet.  Over  this  road  lor  conutletts  tboasandf 
of  years  these  troglodj-tes  have  trav^ed  on  their  way  up  Irom  &8bia$ 
in  the  sea  or  from  the  cultivation  of  the  lower  lauds,  and  over  tbe» 
same  tracks  still  travel  their  half-breed  descendants  in  search  of  wort 
in  the  towns  and  the  vineyards. 

The  hill  of  Atalaya  forms  two  round  heads,  both  honeycombed  witk 
ancient  caves,  which  vary  in  size,  the  smallest  not  more  tUsu  8  to  1* 
feet  square  and  6  feet  high;  the  largest,  with  two  apartments,  both  of 
which  may  measure  18  feet  by  12  or  14,  and  8  or  9  feet  high.  It  ie 
evident  that  in  many  cases  existing  natural  caves  were  utilized,  bein; 
squared  off  inside  and  shaped  to  suit  tbe  convenience  of  the  inhabitaota. 
but  many  others  are  entirely  the  work  of  man,  scooped  out  with  infinite 
{)atiis  from  the  solid  sandstone  rock.  The  most  primitive  races  of  «I1 
pn>bably  did  none  of  tbis  scooping,  but  were  content  to  live  in  th^ 
natural  caves  in  the  same  way  aa  their  simian  brethren. 

Some  idea  of  the  extent  of  the  cave  commtmitieB  may  be  formed  when 
it  is  stated  that  even  to  this  day,  with  many  handred  caves  empty  « 
utilized  as  storehouses,  there  can  not  be  less  tiian  1,500  iuhabtanis  in 
Atalaya,  besides  numbers  of  goats,  pigs,  donkeys,  and  mules,  who  are 
also  provided  with  cave  accommodation,  vitboat  trespassing  on  the 
sleejting  room  of  their  masters,  as  in  Ireland.  Hany  of  these  oave 
rooms  are  very  comfortably  furnished  and  are  inviting  to  look  at.  Some 
are  particularly  clean,  well  wliitewa.sLed,  and  the  floors  thoroughly 
swept,  whilst  beds  with  suow-white  covers  aud  little  tables  with  rongk 
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(3^  vork  on  them  for  cloths,  a  few  books,  tbe  inevitable  Madonna, 
•  m«3  candlestickK,  and  tbe  always  picturesque  pottery  give  an  air  of 
^fiKIleIDeIlt  tbat  we  may  search  for  iu  vain  iu  the  coarse  homes  of  too 
cLKiy  of  our  owu  peasantry.  As  to  tbe  healthiness  or  comfort  of  these 
^r  filings,  of  course  it  is  a  matter  of  habit.  The  only  ventilation  is  the 
oor,  and  as  that  is  tight  shut  at  night  it  seems  difficult  to  understand 
o-«w-  tbe  people  can  breathe.  There  must  also  be  a  considerable  disre- 
Sk-r-d.  of  les  convenances  as  to  their  habits,  for  apparently  both  sexes 
f  sM  ages  occupy  the  same  room.  The  sanitary  arrangements,  it  need 
lEvrtlly  be  said,  leave  much  to  be  desired.  There  is  a  staggering  sim- 
>licity  and  freedom  iu  their  treatment. 

I'he  present  dwellers  are  very  gentle  aud  extremely  ignorant.    The 
u^n  go  out  all  day  to  look  for  work  or  work  iu  their  own  little  patches 


of  cultivation;  small  terraces  of  reclaimed  land  walled  up  below.  The 
women  all  work  at  pottery,  using  no  wheel,  and  reproducing  tbe  simpler 
patterns,  as  are  found  in  the  tombs  of  thousands  of  years  ago.  Tbe 
clay  ttse<l  is  very  strong  and  has  much  adhesive  power.  It  bakes  into 
a  fine  dark  red.  They  now  never  color  their  pottery,  nor  do  they  mark 
it  with  the  stamps,  as  in  the  old  days.  Many  of  the  best  shapes  are 
lost  and  those  that  remain  are  strictly  utilitarian. 

As  to  their  personal  appearance,  among  these  cave  dwellers  may 
often  be  seen  strikingly  handsome  faces;  their  formK  are  good  and 
their  movements  graceful.  It  has  been  said  that  they  areoft«u  rude  to 
\iaitors,  and  carry  the  importunity  of  beggiug  (for  they  are  insatiable 
beggars)  to  the  limits  of  rudeness  and  meuace.  It  certainly  is  unad- 
visftble  for  ladies  to  go  there  aloue. 
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Hmtj'  aj^^an  tn  be  Httle  koowti  aiDi>t]g  tbem.     The,'*-  have  no  mowal 
-  <rrcTaf  :^  at  <1  aT.pM»nI]j-  no  airs  tbat  are  popular  in  the  seD»  <i 
c^z*^:.'.    >■      -iif  hnr*  tbmcTooiiing  itvay  iii  a  [»ec'uliarly  iDelodkit' 
■liisrt-  aaJ  aiwars  in  a  ninw  key.    Some  amonp  the  weallhier  ban 
elaborate  costnmes,  wbicb  they  don  on  Sun- 
day.   The  headdress  (the  handkerchit-f  is 
lUsrardetl  on  tbetv  oeca^iioiis.  and  thebiir 
is^ drawn  ba«k  and  tied  iii  a  lump  behisi 
with  lar^ie  flowers  pla*-?*!  Ion-  down  on  thw 
nerks,  :in  anim  lily,  or  :»  Imnrli  of  tlip  iril^! 
freraniom.  which  jrrows  in  sm-h  profti! 
all    over    the 
island  fi. 
The  ]>eriodi- 
^~  ~  vai  baking  of 

theirpotteryis 
a  rT'--^'  ryr^:  I  an*-:;?  the  rave  dwellers, 
IjiTi^e  r  ,s.iir.-^  <'f  |>e«>pie  sally  forth  for 
,".  ys  1-:  :*  <--'ln:;i;!:  bm^ibwood  of  all 
l  :  '.s,  .-.:  '.  j:tv,iI  bt-aps  are  piled  np  in  the 
.-•ir-  :--^  V  Vn'-v  the  [wbiic  oven,  where 
a.^ ::-.  p  TT<ry  :o  It- lwk«l  is  also  collected. 
A  ^■-.:  :  C  irr  is  joon  prwiiueed.  and  the 
»•  f*Tx  :  "  :«vs  -'f  potteiy  are  thrust  into 
;'.  1  :\«-:  tp.  a;..;  ane  then  move*!  abont  by 
means  of  a 
long  pole  of 
bard  woo<)  to 

insure   their  ^^  "■ 

being  evenly  "'"'"  """"'"  '"'™" 

bake*].    Some  kind  of  red  glaze  is  pat 

onto  tho^ewhich  it  i»  wished  todecoratft 

bnl  the  greater  part  are  baked  withonl 

any  glazing  matter.    It  is  an  estrenicly 

busy  scene,  with  a  great  ileal  of  gboatin; 

and  screaming,  everyone  giving  instnie 

tions  and  orders,  to  which  no  one  elsf 

pays  the  least  attention.    No  one  ^wrson 

seems  to  be  in  command,  and  nil  kinilsoi' 

iDterlo|iers  crowd  in  to  ^ive  ailvice  or  to 

cram  sticks  into  the  oven. 

"  Bnt  the  ancient  Guancbe  iwttery  (se- 

bvtions  from  theeolleetion  in  the  museum  of  I.as  Palnia»  are  here  given! 

bad  mueh  elegance,  variety  of  form,  and  diversity  of  pattern.    So.  1  is 

an  c.vnmple  of  an  onlinnrii'  wafer  jar.  and  Xo.  2  of  a  curioasly  shape*! 

'  with  a  handle.    No.  3  is  a  flue  double-handled  water  jar,  'M  inches 


Fif.tL 


n,g:,.-ndtyG00glc 


#• 


THE  GUANCHE8.  558 

g\t ,  Avitli  !i  lid  of  tile  same  ware.  Xo.  4  is  a  small  ornamented  Jar  of 
o  name  character.  Jio.  Tt  is  »  bowl  5  inches  across,  which  ia  of  mach 
terest,  as  showing  the  iuflueuce  of  early  Etruaoaii  art.  Xos.  G  and  7 
■<;  sealH  for  stamitiiifr  early  imttery;  they  are  made  from  lava. 
The  other  Guanctie  remains  of  which  we  give  sketcliei^  are  also  taken 
■oti»  the  same  museum.  They  have 
ot  previously,  so  far  as  we  are  aware, 
-een  figured  id  any  book  or  Journal, 
lioagh  similar  objects  are  to  he  fimnd 
n  several  Kuropean  rauscunis.  It  is 
lot  a  little  remarkable  and  nut  very 
creditable  that  our  great  cthnolof^i- 
.•al  collection  at  the  British  Museum 
has  not  a  single  relic  of  the  (iiianche 
race. 

In  this  next  group  (flg.  14)  No.  1 
represents  a  headdress  or  coronet 
worn  bytheaueientGuanchewomen.  *' 

It  conaista  of  a  wide  thong  of  leather, 

upon  which  white  shells  are  rudely  riveted.  Ko.  2  is  a  pestle  and  mortar. 
The  mortar  is  of  blue  lias,  and  about  a  foot  in  diameter;  the  pestle  is 
of  a  hard  grayish-yellow  stone.  No.  3  represents  a  small  stone  hand- 
mill  for  grinding  barley;  it  is  14  inches  in  diameter. 

In  the  upper  part  of  the  last  sketch  (flg.  15)  are  shown  some  sling 
stones,  weighing  from  4  t^»  6  ounces,  as  well  as  two  haud-tbrowing 
stones,  which  weigh  Ij  and  2  )iounds  resi)ectiTely,  Next  to  them  is  a 
sling  of  leather.  The  other  articles  are  a  variety  of  bone  needles  and 
a  comb  of  hard  wood. 
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PSYCHOLOGY  OF  PRESTIDIGITATION.' 


By  Alfred  Binet. 

Bveryoue  of  un,  whether  aware  of  it  or  not,  has  experienced  illusiona 
of  the  B«D8t!^;  they  do  not  always  tell  the  truth.  The  eye,  the  ear, 
deceive  us,  and  even  the  haud,  that  we  instiuctively  extend  to  test  the 
evidence  of  onr  other  senses,  has  often  played  as  false,  though,  to  speak 
more  accurately,  it  is  the  mind  and  not  the  seuses  that  is  at  fault 
The  senses  make  known  but  one  thing,  the  sensations.  The  eye  merely 
coiiunnnicat«s  the  difl'ereut  shades  of  light  or  color;  the  hand,  sensa- 
tioDB  of  contact  and  movement.  The  mind  interprets  these  Bensations, 
draws  conclusions,  and  with  these  conclusions  constructs  exterior 
objects  endowed  with  numberless  properties.  When  we  say  this  is  a 
cbair,  a  table,  a  dog,  a  house,  we  not  only  indicate  what  the  eye  has 
perceived,  but  we  reason  it  out.  Yet  if  this  automatic  aud  rapid 
reasoning  be  at  fault  we  have  had  an  illusion  of  the  senses. 

Prestidigitation  is  an  art  which  has  in  view  a  singrular  aim,  that  of 
seeking  out  and  developing  all  influences  wbicli  could  lead  us  to  be 
deceived  in  what  we  Eee.  A  person  witnessing  experiments  in  presti- 
digitatiou  aud  understanding  nothing  of  the  weans  employed  is  easily 
made  to  believe  that  he  sees  an  object  in  one  part  of  the  room  when  it 
is  really  elsewhere;  he  sees  that  which  does  not  exist  and  sees  not  that 
which  really  does  exist. 

One  can  readily  understand  tbe  interest  of  the  psychologist  in  the 
study  of  tbe  means  employed  to  produce  these  illusions,  for  it  enlight- 
ens us  as  to  the  process  by  which  the  mind  perceives  esterior  objects, 
and  makes  known  likewise  the  weak  points  of  our  knowledge.  Before 
entering  into  the  details  of  our  analysis  it  may  be  well  to  determine  by 
certain  general  considerations  the  nature  of  the  error  produced  by  the 
art  of  the  prestidigitator.' 


'TrftDtUtod  from  R«vue  dei  Dnni  Mondes,  October  IS,  1894. 

=We  have  borrowed  the  priDcipftI  element*  of  tliU  itudy  Irom  the  old  norks  of 
JoequeB  Ozanau,  Gujot,  Decrempe,  Ponain,  sod  from  the  more  recent  booke  of  Robert 
HoaaiD.  Some  authors,  Ur.  James  Sally  (IllusioDi  des  Seos  et  de  I'Esprit)  and  Mr. 
Mai  Deseoir  (Upeii  Court,  1693),  have  treated  the  questioa  from  a  psychological 
p Jiat  of  view,  and  we  bftve  borrowed  fl'om  them  nseful  iodications.  We  have  above 
all  tried  to  give  the  reader  a  clear  idea  of  the  performaoco  of  these  triche  by  con- 
anltiDg  profeaaionala  ttad  reqneating  them  to  execute  before  ne,  in  different  coudi- 
tioDs,  tricks  in  which  tbey  very  obligingly  showed  ns  that  which  they  are  in  (he 
lubitof  carefully  concealing.  We  will  cit«  with  pleasure  among  these  benevoleut 
Mt^jatora  Measra.  Aruould,  Dicksou,  Mrili^a,  Pierre,  and  Bayoaly.  (  ~  ^  -^  1 1  ^ 


"    — 

Hr,  James  Sully,  the  eminent  English  psychologist,  has  made  & 
diatinctiou  with  regard  to  the  illusioiiH  of  the  senses  whicli  presents 
real  philosophical  value.  The  illuaioiis  of  the  senses,  he  Bays,  should 
be  divided  into  two  categories,  the  active  illiifiinus  and  the  passiT« 
UlasioDH.  The  passive  illuaiona  are  general;  they  are  those  which  are 
exi>erieDced  under  the  same  cooditious  by  all  individuals;  they  are 
inherent  in  oar  psychic  organization,  and  no  one  cau  escape  them.  It 
is  a  law  that  we  see  objects  in  a  perpeudicutar  iH>3itioD,  notwitbsraDd- 
ing  the  fact  that  their  image  is  reversed  npon  the  retina  of  the  eye.  A 
stick  plauged  into  the  water  has  to  n^  the  appearance  of  being  broken. 
From  these  errors,  common  to  all,  we  mnst  distinguish  those  Mr.  Solly 
calls  active,  those  that  are  productions  of  the  siKtntaneoos  activity  of 
the  mind ;  these  remain  individual  unless  they  take  the  epidemical  form. 
They  are  the  result  of  our  temperament,  the  state  of  our  mind  and  onr 
belief.  Hence  it  is  by  an  active  illusiou  that  while  awaiting  a  person 
on  the  roadway  we  fancy  we  recognize  him  in  a  iterson  appmacbing  in 
the  distance. 

Without  going  so  far  aa  to  say  that  all  belonging  to  the  active  illn- 
sions  i)resent  a  certain  gravity,  it  must  not  be  forgotten  that  it  is 
illusions  of  this  kiud  and  not  the  others  that  arc  near  relations  to  the 
hallucinations  of  madness. 

Unquestionably  illusions  of  prestidigitation  form  a  part  of  the  pas- 
sive illusions,  and,  as  it  were,  normal,  which  dominate  all  well-eunsti- 
tated  persons.  Subsequent  analysis  will  confirm  this  afiinuatioii,  in 
showing  on  which  precise  point  the  error  of  the  senses  be-ars.  Mr. 
Max  Dessoir  has  discusssed  this  question  a  proiws  of  an  interesting 
experience.  He  supposes  an  illusionist  t-aking  an  orange,  and  after 
having  shown  it  to  those  around  him,  throws  it  up  into  the  air  and 
then  catches  it  in  his  hand  as  it  dcscemls.  Here^wats  this  perfonn- 
ance  once,  twice,  and  the  third  time,  after  having  platted  the  orange  in 
his  pocket  without  the  knowledge  of  those  looking  on,  be  makes  a  pre- 
tense of  again  throwing  it  up  in  the  air.  Mr.  Dessoir  thinks,  and  we 
think  with  him,  that  many  of  those  present  misled  by  this  action  would 
believe  they  again  saw  the  orange  being  tossed  into  the  air  as  on  the 
two  other  occasions,  and  would  be  greatly  astonished  at  not  seeing  it 
descend  as  they  had  reason  to  believe  it  would.  What  is  the  nature  of 
the  illusion  in  such  a  caseT  Wliat  name  must  be  given  to  itT  To  see 
an  object  in  a  pla<^e  where  in  reality  it  is  not,  is  an  hallucination.  Mr. 
Dessoir  has  good  reason  to  discard  this  injudicious  interpretation.  The 
word  hallucination,  as  we  have  frequently  observed,  must  be  used  only 
with  reference  to  an  illusion  that  can  have  no  explanation  in  osterior 
things;  it  is  a  disorder  of  the  senses,  not  a  nomial  error.  If  the  spec- 
tators believe  they  see  the  orange,  then  they  yield,  as  we  will  explam, 
to  a  pretense  on  the  part  of  the  conjurer  j  they  give  themselves  up  to 
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llie  illusioD,  without  troubliug  tbemttelves  to  JDveatiKftte  it,  which 
^7ou1d  only  destroy  the  api>earituce  and  therefore  the  pleaaure. 

It  mast  be  observed  that  tbe  greater  part  of  tbeBe  illanions  which 
o^v^e  their  existence  to  the  art  of  prestidigitation  must  have  for  a  neces- 
sary condition  the  cooperation  of  the  public,  or  at  least  their  willingness 
to  oblige. 

The  public  do  not  go  to  tbe  prestidigitators  for  the  purpose  of  pick- 
ing to  piecea,  as  it  were,  a  HcieotiQc  experiment.  They  ask  only  one 
thing — to  be  deceived;  that  is  to  say,  to  experience  that  astonishment, 
that  slight  cloudiness  of  ideas  or  intellect  which  the  sight  of  a  phe- 
nomenon coutrary  to  all  natural  laws  excites  within  us.  In  order  that 
this  particular  mental  stat«  should  be  produced  one  mast  give  one's 
self  up  to  the  illusion,  and  not  endeavor  to  lay  hold  of  the  toecbanism 
\7bich  produces  it.  If  by  chance  we  discover  the  secret  of  the  trick 
we  must  keep  the  discovery  to  ourselves,  »s  propriety  demands.  We 
would  uot  dreum  of  such  a  thing  as  i|uestioning  tbe  prestidigitator 
while  in  the  ccercise  of  his  profession,  nor  of  taking  precaution  to  see 
through  his  magical  performances.  If  tbe  magician  places  bis  hands 
behind  his  bnck  at  a  critical  moment  wc  would  not  call  out  to  him 
as  did  tbe  fox  in  the  fable,  "I  beseech  of  you,  sir,  turn  round."  The 
reserve  of  tlie  first  instance  comes  from  a  sentiment  of  discretion; 
that  of  tbe  otiier  fiom  a  certain  timidity.  These  illusionists  are  well 
aware  of  this;  as  for  instance  wbeu  tbey  wish  to  have  a  certain  card 
chosen  from  the  pack  they  invariably  address  tliemselves  to  a  lady,  as 
a  woniau  is  much  more  given  to  reserve  than  a  man ;  and  should  she 
perceive  the  fraud,  she  dare  not  raise  her  voice  to  demand  an  e.\plaiia- 
tioQ  for  fear  of  attracting  attention  U>  herself;  bei-  timidity  makes  her 
the  artist's  accomplice.  For  that  matter  tbe  magician  has  more  than 
one  means  of  mastering  a  skeptical  and  unyielding  public.  In  perform- 
ing a  trick  be  goes  through  one  part  of  it  before  one  person  and  to 
complete  it  be  turns  to  another  who  has  as  yet  seen  nothing  of  the 
first  part.  It  in  necessary  for  the  sarrie  person  to  witness  the  entire 
trick  in  order  to  understand  how  it  is  done.  Thus  one  person  is  made 
to  mark  a  piece  of  money  and  another  farther  away  is  to  keep  it,  who, 
not  having  seen  it  marked,  is  not  aware  that  it  has  been  changed. 

With  regard  to  those  who  are  requested  to  come  upon  the  stage  in 
order  to  examine  closely  tbe  actions  of  the  magician,  tbey  exercise  a 
control  essentially  deceptive.  The  prestidigitator  takes  particular 
care  only  to  choose  those  from  tbe  audience  whose  countenance  express 
artlessness  and  simplemindeduess,  when  they  are  not  confederates. 
Tbe  magician  allows  these  witnessess  to  see  only  as  nmcb  as  it  is 
convenient  for  him  to  have  them  see;  they  are  also  at  liberty  to  do, 
whether  they  be  aware  of  it  or  not,  only  that  which  he  wishes  them  to 
do,  and  can  not  undertake  to  fiud  out  anything  for  themselves  without 
the  artist's  permission.  This  is  the  conclusion  arrived  at  lately  in  a 
carious  contest.    One  of  tbe  audience  wished  absolutely  to  know  what 
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was  going  on  beliind  a  screen,  and  on  being  called  apon  the  platform 
be  raised  the  screen,  and  immediately  great  excitement  was  evinced 
on  the  part  of  the  artist  and  bis  usaistaiits;  a  band-to-hand  combat 
ensue<l,  and  it  ended  in  a  law  suit.  Tbe  audacious  offender  was  made 
to  pay  heavy  damages  for  having  exceeded  the  rigbte  tbe  mn^ctaa 
bad  granted  him.  One  may  judge  by  this  example  bow  difficult  it 
would  be  to  make  scieutiftc  observations  at  a  public  representation. 
Notvrithstanding  the  difficulties  of  control,  the  public  is  the  dupe  of 
tbe  illusions  presented  to  him  only  in  a  certain  degree,  as  he  considers 
tbe  fact  that  he  is  att«nding  a  seance  of  prestidigitation;  if  it  is 
impossible  for  him  to  understand  the  secret  of  a  trick,  this  would  not 
be  a  reason  for  him  to  believe  that  tbe  laws  of  nature  bad  been  over- 
tbrowD.  Should  a  nutmeg  appear  suddenly  as  if  it  sprang  from  tbe 
artist's  flfiger  ends,  without  the  spectator  being  able  to  understand 
bow  it  was  done,  he  wonid  not  from  this  believe  it  possible  for  nut- 
megs to  spring  from  one's  finger  ends.  Tbeillusion  exists,  we  may  eayj 
only  for  the  sense  of  sight;  our  reason  contradicts  it. 

IT. 

In  seeking  to  analyze  the  different  processes  by  which  the  illusion  is 
produced  in  these  feats  of  sleight  of  hand,  and  the  spectator  prevented 
from  discovering  tbe  truth,  we  find  it  most  difficult  to  give  clear  and 
satisfactory  definitions,  as  there  exists  not  only  one  process,  but  many, 
and  they  are  of  a  very  complicated  nature.  The  illusion  of  each  trick 
is  not  merely  tbe  result  of  one  single  cause,  but  of  many,  ao  insignifi- 
cant that  to  perceive  tbeni  would  be  quite  as  diflicult  as  to  count  with 
tbe  naked  eye  the  grains  of  sand  on  tbe  seashore.  I  will  not  enter  too 
much  into  detail,  but  will  confine  myself  to  exposing  tbe  principal  arti- 
fices resorted  to  by  tbe  prestidigitator.  Tbe  illusions  of  the  seuses 
which  we  will  study  may  be  divided  into  two  principal  gronps,  positive 
and  negative.  Modern  researches  in  hypnotism  have  familiarized  ns 
with  the  term  and  with  the  phenomena  they  indicate.  We  know  that 
the  positive  illusions  with  which  we  will  begin  our  description  consist 
in  seeing  tfaat  which  does  not  exist;  they  give  rise  to  appearances  with- 
out reality.  Persons  in  a  hypnotic  state  have  these  illusions;  they  are 
one  of  the  very  first  steps  of  this  artificial  condition  of  the  mind. 

A  person  hypnotized  can  be  commanded  to  see  anything  by  the  per- 
son who  hypnotizes  him.  For  instance,  he  says:  "Here  is  a  bird!"  in 
a  persuasive  or  commanding  tone  of  voice.  Immediately  the  subject 
imagines  a  bird  is  in  the  room;  be  sees  it,  be  touches  it,  he  hears  it 
sing,  catches  bold  of  it  with  awkward  bat  expressive  gestures,  and  goes 
through  other  like  performances  caused  by  tbe  suggestion  of  a  bird> 
We  cite  this  example  of  hypnotic  illusion  because  there  is  a  resemblance 
between  it  and  the  illusions  of  the  prestidigitator  by  tbe  important  fact 
of  its  being  the  result  of  the  infiaeuce  of  one  mind  over  aaother.  But 
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lay  aside  this  fundamental  rHsemblantw  aud  wbat  a  difference  we  find 
beiweeit  tbe  two  oases!  Wben  we  wiab  to  siirronnd  a  hypnotized 
person  witb  illusions  the  operation  is  one  of  the  fcreatest  simplicity. 
We  merely  pronounce  a  word  in  au  autlioritative  toue  to  make  tbe 
illDsioD  a  reality  to  him.  "  Here  is  a  bird,"  we  say,  and  withont  further 
explanation  the  subject  sees  a  bird  as  if  it  were  in  reality  present.  The 
prestidigitator  must  resort  to  a  more  subtle  means  of  arriviog  at  the 
same  end ;  he  mnst  <leceive  the  spectators  without  their  being  aware  of 
the  deception  that  is  being  practiced  upon  tbem. 

Tbe  first  necessary  condition  for  all  these  operations  is  holding  the 
atteiitton  of  tbe  andience.  Before  commencing  a  trick  the  operator 
slionld  endeavor  to  have  the  attention  of  each  one  of  tbe  spectators,  in 
order  that  their  minds  may  enter  into  relation  with  his.  This  is  what 
in  hypnotism  is  called  "entrer  en  rapj^tort,"  giving  acouveuient  term  to 
a  phenomenon  the  existence  of  which  is  certain,  but  the  nature  of  which 
it  would  be  most  difficult  to  define.  We  all  know  how  to  attract  aud 
retain  the  attention  of  a  person  witb  whom  we  wish  to  speak.  It  is 
instinct  with  us.  We  were  never  taught  the  different  insignificant 
means  employed  to  arrive  at  this  end,  such  as  raising  tbe  voice,  placing 
the  baud  upon  tlie  shoulder,  or  makiug  use  of  an  iut«rjection.  We  aU 
know  that  a  great  deal  depends  upon  tbe  personality  of  the  individual; 
for  instance,  there  are  some  who  find  it  impossible  to  hold  the  attention 
of  an  audience  or  even  of  an  individual,  while  there  are  others  who  by 
the  mere  utterance  of  a  few  words,  such  as  "  I  do  not  know  "  or  "  I  beg 
pardon,"  command  immediate  attention.  The  prestidigitator  who  has 
doubtless  never  reflected  upon  tbe  means  be  uses  to  bold  his  audience, 
nevertheless  knows  well  how  to  exercise  this  infinence  to  attract  tbe 
eyes  and  close  attention  of  everyone  i>resent  to  his  bauds,  his  eyes,  or 
to  whatever  part  of  bis  body  it  is  necessary  for  his  project  that  they 
should  be  attracted. 

Robert  Houdin  makes  an  observation  tbe  truth  of  which  will  be 
readily  recognized  by  those  who  are  accustomed  to  speak  in  public  and 
to  enter  into  communication  with  a  large  concourse  of  individuals. 
He  says  that  tbe  first  and  most  important  quality  of  the  prestidigitator 
is  to  possess  a  steady  eye ;  certain  jieople  have  a  timid,  vague  expression, 
aud  while  conversing  witb  .them  should  one  look  them  frankly  and 
steadily  in  tbe  face  they  feel  embarrassed  and  turn  away  their  beads  as 
if  they  dreaded  the  intimacy  of  such  looks.  Tbis  timidity  of  expression 
is  contagious;  it  is  a  great  stumbling-block  to  conversation,  and  pre- 
vents tbe  orator  from  exercising  any  influence  over  his  hearers.  The 
prestidigitator,  says  Kobert  Houdin,  must  have  a  frank,  bright,  pene- 
trating glance,  which  he  must  concentrate  boldly  upon  the  eyes  of  the 
spectators  in  such  a  manner  that  their  eyes  become  riveted  on  his,  and 
a  feeling  of  mutual  sympathy  arises.  Wben  the  artist  accomplishes 
this  be  can  at  will  turn  tbe  eyes  of  his  audience  in  whatever  direction 
he  sees  &L 
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Tlie  means  employed  to  prodaco  positive  illusious  is  tbe  making  use 
of  feint  or  pretense. 

The  feigning  of  an  action  is  the  mere  ontliiie  of  tbe  action.  A  feinC 
is  made  of  taking  something  from  the  table;  tlie  hand  is  extended 
toward  the  table  as  if  to  remove  the  object.  A  feint  is  made  of  throwing 
an  orange  into  the  air,  when  in  reality  it  is  still  retained  in  the  hand. 
Feigning  an  action  consists  in  performing  <tiily  the  first  part  of  a  ^vell 
known  and  expressive  action,  and  the  end  is  concealed;  the  hand  is 
hidden,  for  example,  behind  a  table,  a  screen,  or  behind  the  body  dur- 
ing this  second  part  of  the  act,  which  most  be  executed  with  dexterity. 
The  spectator  not  anticipating  anything  of  the  sort,  having  seen  tbe 
first  part  of  tbe  action  completed,  but  not  tbe  second,  although  be  is 
not  aware  of  it,  believes  the  operation  to  be  correctly  and  completely 
executed.  The  psychologist  is  not  at  a  loss  to  explain  the  mechanism 
of  these  operations,  which  rests  ui>od  the  laws  of  habit  or  the  laws  of 
association  of  ideas.  When  one  of  two  actions  or  two  perceptions, 
which  as  a  rule  follow  one  another,  presents  itself  to  our  eyes,  our  mind 
is  so  coDStmcted  that  the  presence  of  the  one  act,  or  the  one  perception, 
irresistibly  suggests  the  other.  From  the  time  we  perceive  the  first 
act  we  suppose  the  second,  because  it  is  the  logical  couseqnence,  or 
simply  tbe  habitnal  accompaniment.  We  do  more  than  sappose  it ;  we 
represent  it  so  vividly  to  ourselves  we  believe  we  see  it. 

These  explanations  are  more  directly  applicable  to  sleight  of  haud, 
which  is  the  basis  of  prestidigitation.  Sleiglit  of  hand  consists  in  com- 
pletely concealing  an  object  in  a  sadden  itnd  bruscjne  manner  before 
tbe  astonished  gaze  of  the  lookers  on  and  in  giving  the  idea  that  it  was 
suddenly  transferred  to  a  certain  place,  when  iu  reality  it  has  not  been 
removed.  The  prestidigitator  takes  an  object  in  his  right  hand,  a  piece 
of  cork,  an  egg,  a  piece  of  money,  it  matters  not  what,  provided  it  can 
be  easily  handled.  He  holds  the  object  up  to  view  and  then  makes  a 
pretence  of  slipping  it  into  his  left  hand,  and  he  imitates  the  action  so 
cleverly  that  everyone  present  is  jiersuaded  that  it  is  no  longer  in  his 
right  hand,  but  reposing  iu  his  left.  Not  only  are  they  persuaded  that 
he  baa  made  the  exchange,  but  they  fully  believe  that  they  saw  him  do 
it,  and  more  than  one  will  be  willing  to  vouch  for  the  truth  of  it  on  the 
testimony  of  their  eyes.  The  illusion  for  those  who  do  not  know  how 
it  is  done  and  have  not  attempted  to  analyze  it  is  absolutely  irresist- 
ible. It  misleads  uot  only  children  nud  ignoramuses,  but  grown  men 
and  renowned  scholars.  I  myself  have  kno^n  men  accustomed  to 
scientific  observation  completely  duped  by  tliese  tricks.  The  savages, 
as  Uobert  Houdin  relates,  do  not  escape  these  illusions  any  more  than 
the  (civilized  inhabitants  of  the  globe,  and  they  explain  them  to  them- 
selves iu  attributing  to  tbe  prestidigitator  a  KU])prnaturaI  power,  Kven 
animals,  we  may  add,  are  sensible  of  these  illusioiKS.  1  have  frequently 
experimented  upon  dogs  by  juggling  away  sugar  plums,  which  excites 

heir  interest  sufficiently  to  make  them  attentive  to  the  tricks. 
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The  art  of  sleight  of  hand  is  not  dependent  ii[>od  cuprice,  bat  is  gov- 
eroed  hy  fixed  laws  known  for  more  than  a  linndred  years,  and  which 
can  no  longer  be  modified.  Nowadays  one  learns  to  joggle  jnst  as 
to  daiice  or  to  play  upon  the  piiino.  The  manipulation  of  the  fingers 
is  most  complicated,  aud  to  be  able  to  perform  these  feats  without  the 
asaistance  of  a  box,  or  a  string,  with  only  oue'a  own  dexterity  to  aid, 
is  the  highest  aim  of  the  prestidigitator.  It  is  not  only  necessary  to 
practice  before  the  looking  gla^s  for  days  or  weeks,  it  requires  years  to 
become  an  expert  in  this  art.  We  do  not  consider  it  as  straying  from 
onr  subject  in  thus  giving  a  rather  minute  description  of  this  sleight 
of  hand;  the  illusions  which  are  the  result  are  purely  psychological. 
Many  people  believe  the  magician  conceals  the  objects  he  makes  use  of 
in  his  sleeves;  this  false  opinion  has  been  fre<|nently  contested,  but 
it  is  nevertheless  tenacious.  The  truth  of  the  matter  is  that  apart 
from  aoch  experiments  as  the  "vanishing  cage,"  etc.,  the  sleeves  are 
mrely  used  by  professionals.  One  of  the  most  famous  conjurers, 
Bosco,  worked  with  his  arms  perfectly  bare. 

Almost  every  operation  consists  in  retaining  the  object  in  one  hand   . 
and  making  believe  it  is  resting  in  the  palm  of  the  other. 

It  is  necessary  for  a  prestidigitator  to  practice  a  very  long  time  before 
he  becomes  an  expert  in  thus  retaining  objects  in  his  hand.  He  begins 
by  practicing  with  small  objects,  such  us  nutmegs,  dimes,  nickels,  small 
corks,  and  afterwards  with  more  voluminous  objects,  as  billiard  balls 
aud  eggs.  There  are  different  ways  of  retaining  the  objects  in  the 
palm  of  the  hand  with  the  hand  open;  and  the  professionals  distin- 
gaish  several  different  ways  of  accompliahiug  this  feat.  Sometimes 
ttiepalm  of  the  hand  is  alone  used,  and  at  others  the  first  joints  of  the 
fingers.  A  nutmeg,  for  instance,  can  be  held  between  the  root  of  the 
middle  finger  aud  that  of  the  ring  fliigur,  and  there  are  many  other 
ways ;  each  one  has  his  preference.  The  diflli^ulty  appears  to  be  to  slip 
the  object  supposed  to  disappear  to  the  place  whereit  is  to  be  held.  It 
itt  held  up  at  first  for  tte  inspection  of  the  audience  between  two  fingers, 
and  these  fingers  should  move  slowly  so  as  to  i>roi>el  the  object  into  ita 
place  of  concealment.   . 

The  uumber  of  objects  that  can  be  held  in  the  palm  deiiends  greatiy 
upon  circumstances;  it  varies  as  the  objects  are  real  or  imitation, 
whether  they  are  attached  together  by  a  <;ord,  whether  they  have  lieeu 
juggled,  whether  the  wand  or  a  handkerchief  must  be  held  in  the  liand, 
or  whether  the  hand  must  be  open  or  be  half  closed. 

In  the  trick  that  is  called  "  hunting  the  pieces "  (la  chasse  aux 
pieces),  twelve  pieces  at  one  time  are  held  in  the  hand,  but  the  hand 
is  almost  closed.  A  good  prestidigitator  can  hold  iu  his  hand  at  once 
five  5-franc  pieces  with  the  band  hanging  loosely  at  his  side  in  a  per- 
fectly natural  position  and  with  which  he  is  able  to  gesticulate,  "couper 
le  jeu,"  etc.  This  being  granted,  we  will  now  give  a  complet*  descrip- 
tion of  a  feat  of  sleight  of  hand,  chosen  fh>m  among  several  varieties. 
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I  borrow  this  description  from  Ponciii,  w]io  is  really  tlie  classical  aatiwr 
of  tliiK  art:  "Take  a  re^lar  juggler's  ball  (small  size)  between  tbe 
thumb  and  iudex  finger  of  tlie  right  hand.  Bend  the  index  finger, 
which  will  make  it  draw  back  and  cause  the  ball  to  roll  a  little,  which 
ought  then  to  rest  upon  the  first  joint  of  the  middle  fluger.  Bring  the 
ring  finger  inside  the  hand  so  as  to  make  a  greater  space  between  ii 
and  the  middle  finger.  KoU  the  ball  with  the  ttiuntb  into  the  space. 
raise  the  -ring  finger,  and  the  ball  slioulit  be  then  just  between  the 
joints  of  the  middle  and  ring  fingers  and  near  the  roots  of  both." 

This  trick  will  never  be  perceived,  because  it  is  invisible  to  the  aodi- 
ence,  the  back  of  the  hand  being  turned  toward  them,  and  although 
the  object  is  in  the  palm,  the  hand  appears  relaxed  expressive  of  inac- 
tivity and  reiiose.  .  But  what  would  augment  tbeillusiou  coDsiderably, 
and  give  it  even  au  irresistible  efi'ect,  is  that  while  juggling  the  ball 
in  the  right  hand  we  make  a  gesture  as  if  placing  it  in  the  left  haod: 
we  then  bring  Irath  hands  together,  describing  a  half  circle  if  it  be 
necessary  to  augment  the  distance,  and  therefore  give  more  time  to  the 
securing  of  the  hall  in  the  palm,  and  as  soon  as  the  fingers  of  tbe  right 
hand  tonch  the  palm  of  the  left  hand,  we  close  the  left  hand,  as  if 
holding  an  object  which  we  did  not  wish  to  let  fall.  This  gesture  suf- 
fices to  make  those  looking  on  believe  the  object  is  really  in  the  left 
hand;  and  the  illusion  will  be  all  the  more  perfect  if  the  artist  showe 
himself  a  good  comedian.  Our  advice  is  to  repeat  the  act  freqoeDtly 
before  a  mirror  in  order  t«  become  expert  in  its  performance.  More- 
over, the  effect  of  the  net  is  increased  by  tbe  words  with  which  bf 
accompanies  it,  his  afiSrming  that  the  object  is  in  his  left  hand,  the 
manner  of  looking  at  liis  left  hand,  and,  in  fact,  bis  whole  expre8si<Hi 
of  countenance,  all  go  to  increase  the  force  of  the  illusion.  Of  course 
it  is  necessary  not  to  overdo  it  by  putting  too  much  zeal  in  the  actiOD 
of  tlie  hand,  or  wearing  an  unnatural  expression  of  coauteniuioe,  ae 
this  would  only  arouse  suspicion  in  the  minds  of  tbe  audience. 

There  exists  another  artifice,  to  which  we  may  have  recourse  b> 
heighten  the  effect  of  the  trick,  which  is  for  the  artist  to  treat  fats  audi- 
ence to  a  little  set  speech  he  has  all  prepared  for  the  occasion,  and 
which  has  on  the  minds  of  the  audience  an  effect  most  favorable  to  t^e 
illusion.  If  the  artist  announced  beforehand  that  a  nutmeg  woaM 
disappear  wln'le  lie  was  bringing  both  bauds  together  their  eyes  would 
become  so  fixed  on  the  movements  of  his  hands  as  to  cause  him  no  little 
embarrassment,  and  no  doubt  some  among  them  would  perceive  the 
firand.  To  throw  them  off  the  scent,  he  envelops  the  trick  in  a  sort  of 
mystery.  He  announces  to  them,  fi>r  example,  tliatby  squeezing  a  not 
meg  in  his  right  hand  fae  has  the  power  to  melt  it,  and  cause  it  b> 
evaporate  and  disappear;  everyone  present,  of  course,  knows  this  to 
be  impossible,  but  such  is  the  power  of  the  faaman  speech  that  we  »k 
almost  compelled  to  give  our  best  attention  to  the  act  the  magiciau 
anuonnces  he  is  about  to  perform,  and  in  consequence  we  keep  a  close 
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watch  on  hiB  right  band  when  be  fiuishea  jnggling,  bat  while  be  was 
juggling  and  making  a  pretense  of  passing  tbc  nutmeg  into  the  right 
)iand,  when  he  was  holding  it  secretly  in  the  left  hand,  we  had  only 
looked  on  mechanically.  This  part  of  the  operation  remained  in 
shadow,  as  it  were;  it  is  perceived  in  a  semiconscious  manner,  as  an 
act  void  of  all  importance,  and  the  illusion  that  resnlts  becomes  all 
the  stronger,  no  one  being  aware  of  the  exact  nioinent  in  which  it  was 
produced. 

All  these  details  go  to  show  that  imsitiye  illusions  produced  by  a 
pretense  or  feint  have  peculiar  qualities  of  their  own ;  the  illusion  is  not 
a  durable  one,  as  that  of  tbe  heut  stick  in  the  water — the  fulse  appear- 
ance lasts  only  for  »  moment.  We  would  not  say,  while  looking  on  at 
the  performance,  "  I  see  the  ball  passing  from  one  hand  to  tbe  other;" 
we  would  say  "I  saw  it;  I  am  jMisitive  that  it  passed" — an  illusion  of 
memory  rather  than  of  tbe  senses. 

III. 

We  meet  with  another  class  of  illusions  in  the  tricks  of  the  presti- 
digitators, to  which  wc  may  give  tbe  name  of  ni'gative  illusiuns,  in 
contrast  vith  the  preceding  ones.  Tbe  flrat  and  best  examples  of 
these  singular  illusions  have  been  made  kDown  to  us  through  hypnotic 
experiments.  These  illusions  consist  in  not  seeing,  in  not  hearing, 
in  not  feeling,  and  which  abolish  tbe  perception,  be  it  either  of  an 
object  or  of  a  class  of  objects.  We  place,  for  instance,  before  the 
person  hypnotized  a  real,  material,  tangible  object.  Suppose  it  to  be 
aperson  assisting  at  the  experiment;  tbe  subject  is  commanded  not 
to  see  this  person,  and  tbe  command  is  sufScient  to  cause  the  disap- 
pearance of  tbe  person — of  his  becoming  invisible,  as  it  were.  This  hist 
class  of  illusions  is  much  more  diflicult  to  understand  than  the  first. 
Authors  have  not  given,  it  must  be  admitted,  a  perfectly  satisfiLctory 
explanation  of  it.  We  do  not  know  what  is  taking  plaiiv  in  tbe  mind 
of  the  subject  hypnotized  who  is  commanded  not  to  see  a  person  imme- 
diately in  front  of  bim.  We  have  difficulty  in  understanding  the  proc- 
ess by  which  the  person  hypnotized,  while  being  perfectly  sincere 
with  himself  and  not  in  any  way  "making  believe"  or  endeavoring  to 
play  a  joke,  can  arrive  at  that  state  of  not  being  able  to  see  a  person 
immediately  in  front  of  bim  with  whom  he  is  well  acquainted.  Negiitive 
illnsions  are  frequent  in  seauces  of  prestidigitation ;  we  will  endeavor 
to  ascertain  how  a  person  iwrfectly  sane  and  in  possession  of  all  his 
faculties  is  prevented  from  seeing  objects  placed  immediately  before 
his  eyes. 

The  objects  from  which  it  is  necessary  to  divert  the  attention  of  tbe 
lookers-on  vary  according  to  circumstances.  In  certain  feats  it  is  a 
corner  of  tbe  conjurer's  table.  In  other  tricks  it  is  a  goblet  or  a  pack  of 
tiards.  As  a  rule  it  is  the  hands  of  tbe  prestidigitator  himself,  to  which 
the  too  c)0Be  attention  of  the  audience  niust  not  be  given.    It  must  1}q 
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auderstood  tbat  it  is  not  always  an  easy  matter  to  escape  the  vigilant 
watch  of  the  spectators.  They  come  to  the  i>erfornianc«  to  sec,  and 
from  the  moment  the  curtain  rises  and  the  artist  api>ears  on  the  stHgc 
all  eyes  are  riveted  upon  him,  and  as  he  is  entirely  8unonnde<l  by  light, 
bow  is  it  possible  to  prevent  the  speittators  from  directing  their  atten- 
tion to  the  parttcnlar  npot  where  the  illnsion  is  to  be  prodacedf 

To  accomplish  this  the  prestidigitator  has  reconrse  to  a  j^chologi- 
cal  law,  of  which  he  no  doubt  knows  nothing,  i^nd  which  lie  has  never 
heard  explained.  Prestidigitation  rests  on  psychology.  We  have  Just 
shown  how  the  lan^  oTaasociation  of  ideas  explaitas  positi\-e  illusions. 
Those  that  come  under  the  head  of  negative  illusions  are  explainnl  by 
this  other  law,  which  can  be  expressed  thns:  We  have  a  tendency  to 
perceive  only  exterior  objects  which  attract  onr  attention.  All  percep- 
tion is  optional  with  us;  numerous  sensations  are  constantly  vibrating 
our  organs  of  sense;  we  neglect  the  greater  part  of  them,  because  they 
are  of  no  interest;  we  fix:  our  attention  onlyttn  certain  ones,  the  signifi- 
cant ones;  these  alone  traverse  the  threshold  of  our  mind;  they  become 
the  objects  of  our  reasoning,  suggest  to  us  past  events,  and  play  a  part 
in  our  interior  life.  Althongh  each  one's  individual  attention  is  more 
particularly  attracted  by  this  or  by  that,  for  Instance,  this  one  in  apt  to 
be  more  observant  of  forms,  that  one  of  color,  and  so  on,  yet  there  are 
certain  rules  of  perception  which  are  general;  a  priori  we  can  desig- 
nate certain  objects  which  command  oar  whole  attention  and  certain 
others  which  are  only  perceived  with  the  comer  of  the  eye  and  neg- 
lected and  quickly  forgotten.  This  uniformity  of  reactions  before  the 
same  spectacles  is  known  to  prestiTtlglEatioik  amfrt-proflts  liy  it.  When 
itTs  "pai-ticularly  important  that  certain  iiccuTiarities  of  a  trick  be  not 
observed,  even  in  the  broad  light,  matters  nre  so  arranged  that  the 
attention  of  the  spectators  i.'<  drawn  to  another  point  at  the  tleviaive 
moment  or  an  appearance  of  insignificance  is  given  to  the  act,  which 
produces  a  relaxation  of  attention.  The  attention  in  thns  distmcted 
and  deadened;  these  are  the  two  principal  means  of  rendering  invisible 
a  spectacle  which  is  perfectly  visible  to  all  eyes. 

The  distraction  of  the  attention  will  be  easily  understood  by  a  few 
examples.  When  the  eyes  of  alt  the  spectators  are  directed  toward 
the  artist  he  may  easily  divert  their  attention  to  another  point  by  him- 
self looking  in  a  perfectly  natural  manner  towanl  this  point;  shonld 
he  tiirn  to  the  rijjht  all  the  spectators  will  obediently  follow  his  gaze. 
It  is  understood,  tliough,  he  must  not  turn  too  quickly;  it  is  b^t 
to  make  the  movement  slowly  and  natnraliy.  This  is  the  A  B  C  of 
the  art.  Should  the  artist  wish  to  play  a  trick  with  the  right  hand  let 
him  turn  toward  the  left;  to  conceal  a  movement  made  by  the  left  hand 
he  must  turn  to  the  right.  Thus  the  attitude  of  his  body  indicates  to 
the  spectators  in  which  direction  their  attention  should  be  directed. 
The  mere  fact  of  speaking  causes  the  removal  of  attention.  Mr.  Max 
I>e88oir  has  already  observed  that  when  the  artist  takes  up  a  pack  of 
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cards  all  eyes  are  fixed  upou  his  bauds;  let  bim  speak  and  immediately 
every  eye  flies  to  liis  face  nud  give  bis  baods  tbe  opportunity  of  proflt- 
iiig  l>y  tbe  occurrence  to  go  through  maueuvers  which  are  witnessed 
by  no  one. 

There  is  still  even  a  surer  method  of  diverting  the  eyes  and  attention 
of  the  spectators  by  jierformiiig  souie  act  which  of  itself  will  interest 
them  or  hold  their  attention.  In  tricks  of  ituportance  some  such 
movement  is  always  arranged  beforehand.  For  instance,  an  object  is 
depoaiteil  in  aii  inipi-essivo  manner  on  tbe  corner  of  tbe  table,  aud 
the  artist  announces  that  this  object  will  boused  in  tbe  execution  of 
the  trick.  Suppose  it  to  be  a  hivt  through  which  he  proposes  to  pass  a 
handful  of  silver;  irresistibly  all  eyes  become  riveted  on  tbe  but  and  do 
not  Bee  the  hand  which  in  the  meantime  lays  bold  of  an  object  concealed 
behind  the  table  in  a  secret  pocket  or  drawer;  or  he  announces  that  be 
will  make  an  object  appear  upon  a  certain  piece  of  furniture  on  which 
he  taps  with  the  magic  stick  and  gives  a  little  discourse  similar  to  this 
one  Robert  lloodin  delivered:  "You  all  doubtless  are  aware  of  tbe 
power  of  tbe  magic  wand,  with  which  one  has  merely  to  tap  gently 
upon  an  object  in  order  to  cause  to  appear  wliatever  one  wishes ;  behold, 
for  example,  we  will  try  to  make  it  produce  not  here  (he  taps  tbe  table 
with  the  Htiek),  but  here  (he  taps  his  band)  a  crystal  ball;  here  it  is!" 
HJB  object  in  tapping  on  the  table  was  to  attract  the  attention  of  the 
andience  to  tbe  table,  so  they  will  not  see  his  hand  which  he  places  in 
bis  pocket  for  the  purpose  of  getting  tbe  ball,  which  he  keeps  hidden 
in  bis  palm  until  the  desired  moment.  There  is  a  simpler  method  of 
diverting  the  attention  of  the  audience  without  using  the  magic  wand, 
a  mere  remark  on  the  piirt  of  tbe  i»restidigjtator  is  sufficient.  A  pres- 
tidigitator writes  me:  "  In  a  little  discourse  wliich  I  deliver  with  great 
seriousness,  I  exclaim,  in  designating  a  certain  place  atadistauce  from 
my  table:  'Authentic  pieces,  which  are  not  here,  demonstrate  with 

evidence .'     At  these  words,  'which  are  not  here,'  tbe  eyes  of  the 

spectators  turn  fiom  me  to  look  where  I  tell  them  there  is  nothing." 
Tbe  diverting  of  the  eyes  is  still  more  ccrtiiin  and  even  necessary  and 
fatal  when  tbe  artist  takes  the  precaution  to  i>erform  some  little  inter- 
esting act.  I  borrow  this  novel  example  from  Robert  Houdin.  The 
prestidigitator  declares  he  is  about  to  divide  a  glass  ball  in  two.  This 
ball,  he  affirms,  showing  it,  is  of  jrebble;  it  is  heavy  and  very  bard ;  but 
bard  as  it  is  he  hopes  to  divide  it.  During  this  time  he  throws  the 
ball  up  in  the  nir  and  catches  it  in  its  descent  to  attract  the  attention 
of  the  spectators.  "  It  wonld  bo  an  imiMJSsibility,"  observes  Itobert 
Hoodin,  "  for  the  eyes  of  the  audience  not  to  follow  it  in  its  ascension." 
In  the  same  order  of  ideas  we  will  cite  some  experiments  which  take 
place  in  succession,  one  after  tbe  other,  in  order  to  enable  the  artist  to 

prepare  the  following  experiment  at  the  very  moment  when  the  whole 

attention  of  the  audience  is  Hzetl  upon  the  trick  which  has  just  been 

concluded. 
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Ill  an  ainnsing  trick,  ciilled  the  birtta  of  flowers,  tlie  prestidigitator 
makes  bouquets  ai>pear  in  diflereiit  objects,  in  bis  battonhole,  in  ^  box, 
in  a  glass,  in  a  bat;  and  at  the  moment  that  the  flowers  appear  in  one 
of  tbe^e  objects,aiid  the  audience  is  suflhsed  with  admiration  and  won- 
der, the  pretifidigitator  profits  by  their  attention  being  directed  from 
him  and  places  a  bouquet  in  tbe  next  object  to  which  be  wiabea  to  call 
their  attention. 

y  In  fact,  in  many  tricks  played  with  cards  in  which  it  is  necessary  for 
one  of  the  spectators  to  choose  a  card,  it  is  customary  to  ask  him  a 
qnestion  whicli  will  necessitate  his  answering,  and  thus  for  a  momuit 
divert  lijs  attention  front  the  bauds  of  the  artist.  Mr.  Arnould  gives  a 
curious  example:  '^In  a  little  trick  with  cards,  which  I  have  submitted 
to  you,"  he  writes  us,  "it  is  necessary  for  me  to  know  the  foarth  card 
of  the  pack;  everyone  is  looking  at  my  hands;  I  am  sitting  down; 
there  is  no  means  of  turning  my  body  in  order  to  conceal  the  movement 
I  wish  to  make  from  the  audience  (tbe  operation  consists  in  gently 
raising  tbe  card  in  order  to  see  its  face);  there  is  no  pretext  for  my 
touching  the  cards.  I  bold  myself  in  readiness  and  put  this  point- 
blank  question  to  the  spectator  immediately  in  front  of  me:  'Can  yon 
connt  up  to  COT'  The  person  addressed  of  course  looks  at  me  in 
amazement,  not  exactly  knowing  bow  to  take  my  question ;  the  others 
in  the  audience,  nnu-h  nmnsed,  look  in  his  direction;  this  all  occupies 
about  one  second,  ample  time  for  me  to  look  at  the  card." 

The  greatest  variety  of  trick.s  can  be  played  in  this  manner.  We 
will  leave  tt  to  tbe  ingenious  mind  to  discover  uew  ones.  Tbe  presti- 
digitator has  very  seldom  to  himself  invent;  the  tricks  he  plays  are 
like  the  cla-ssical  pieces  at  the  Theatre  Fran^ais,  accompanied  by  tra- 
ditions which  indicate  in  tbe  minutest  possible  manner  wbat  is  to  be 
done  at  a  given  moment  to  remove  the  gaze  of  the  spectators,  and  the 
means  are  ho  powerful  that  scarcely  anyone  escapes  their  influence. 

Instead  of  diverting  the  attention  there  are  ways  of  making  the  audi- 
ence lose  interest  just  when  tbe  most  im])ortant  and  decisive  part  of 
the  trick  is  being  accomplished,  and  the  moans  employed  are  nnmerons. 
In  certain  cases  to  hide  a  movement,  it  must  be  made  brusquely,  by 
snrpri»^  so  that  no  one  would  have  time  to  prepare  attention;  the 
movement  must  be  so  rapid  that  the  eye  will  have  no  time  to  foUow  it 
in  detail.  There  are  some  interesting  observations  to  make  on  tbe 
tricks  of  dexterity.  Certain  tricks  performed  by  the  hands  appear  as 
perfect  enigmas  when  they  are  performed  with  great  rapidity.  Mr. 
Raynaly  performed  at  our  laboratory  "  le  saut  de  coup  des  denx  mains," 
and  such  was  tbe  rapidity  with  which  he  accomplished  this  trick  and 
such  the  force  of  the  illusion  that-after  having  seen  bim  repeat  it 
twenty  times  not  one  present  could  detect  the  secret.  Mr.  Raynaly  held 
in  bis  hands  a  pack  of  cards;  he  first  made  us  notice  that  the  Irattom 
card  was  a  face  card,  for  instance,  the  king  of  hearts;  when  suddraly 
we  perceived  a  slight  movement  of  the  hands  and  there  before  oar  eyes 
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the  king  was  tranaformed  into  the  ace  of  spades.  There  were  four  of 
ns  present — men  accustomed  to  observation.  We  were  dntnfonQded 
and  absolutely  nnable  to  onderstaud  how  it  was  tMXtouiplished.  The 
disfl-ppearance  of  the  cage  was  also  performed  for  onr  benefit  by  Mr. 
ATDOold.  This  trick  also  produced  a  iiio»t  curious  illusion,  thoagh  not 
so  forcible  as  the  preceding  one.  We  can  not  dispute  the  fact  that  the 
rapidity  with  which  the  moTemeot  is  made  is  tbe  cause  of  ite  invisi- 
bility. Tbe  proof  is  that  should  tbe  artist  consent  to  go  through  tlie 
operation  slowly  we  would  have  no  dithculty  in  detecting;  the  inechau- 
ism.  Bat  at  the  same  time  it  must  be  observed  that  tlie  ijnestton  is 
T^ry  complex.  The  invisibility  is  not  dei>endent  solely  upon  the  short 
dnration  of  tbe  sensation  received  by  the  eye.  Numerons  experiments 
have  been  made  in  late  years  in  order  to  measure  the  time  necessary 
to  perceive  a  letter  or  a  color.  The  eziwriment  has  been  made  by 
placing  tbe  observer  behind  an  aperture,  the  opening  and  closing  of 
which  can  be  regulated.  To  perceive  and  recognize  a  tetter  it  requires 
gome  hundredths  part  of  a  second.  In  witnessing  a  trick  the  difiBculty 
of  perception  is  even  greater  th<in  to  recognize  a  letter  or  color,  for  we 
must  be  able  to  understand  and  divine  the  mechanism  of  an  act  often 
very  complicated,  as  "  le  saut  de  coup  des  denx  mains."  The  time  this 
operation  occupies,  though  much  longer  than  would  be  necessary  for 
as  to  perceive  a  color  {it  occupies  fifteen  hundredths  of  a  second),  is 
not  sufficient  for  the  spectator  to  grasp  it.  There  are,  then,  two  causes 
which  concur  to  produce  the  illusion— the  rapid  movements  of  the 
hands  and  the  complicated  and  inexplicable  character  of  tbe  operation. 
From  the  time  this  second  cause  of  the  Ulusion  is  done  away  with  tbe 
illusion  disappears.  The  artists,  whose  names  I  have  Just  mentioned, 
having  been  good  enough  to  decompound  their  movements,  I  could 
afterwards,  when  they  went  through  tbe  trick  with  their  accustomed 
rapidity,  account  for  each  movement  of  their  hands;  1  saw  the  move- 
ment because  I  had  learned  to  know  it,  and  consequently  I  knew  the 
exact  points  to  which  I  should  pay  the  most  attention. 

It  is  by  considerations  of  this  sort  that  we  explain  what  I  will  call 
"the  screen  system."  There  are  an  indefinite  number  of  tricks  in  which 
to  render  an  object  invisible  we  hide  it  entirely,  absolutely,  by  placing 
it  behind  another  object  which  forms  a  screen.  At  first  sight  it  seems 
impossible  that  the  spectators  do  not  suspect  the  artifice.  Buttbeydo 
not,  as  in  everyday  life  we  are  constantly  losing  sight  of  the  object  at 
which  we  are  looking,  and  we  Alt  up  these  short  eclipses  of  the  object 
by  a  rapid  reasoning;  if,  for  instance,  while  watching  a  little  child 
playing  at  ball  we  suddenly  lose  sight  of  its  band,  it  would  seem  ridic- 
olouB  for  ns  to  conclude  that  tbe  child  had  suddenly  become  one-handed. 
A  detailed  mental  image  which  remains  constantly  alive  Completes  tbe 
sensation  and  prevents  onr  taking  note  of  the  gap.  The  artifice  of  the 
prestidigitator  consists  in  taking  advantage  of  such  gaps ;  he  surrounds 
himself  with  certain  material  conditions  which,  for  a  very  short  space 
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of  time,  bide  his  liands  or  the  objects  he  holds,  without  oar  noticing 
the  interruption  in  the  course  of  oar  perception,  and  it  is  daring  these 
interruptioDs  that  the  decisive  act  is  executed. 

Let  us  suppose,  for  example,  that  tlie  prestidigitator  in  a  certain 
trick  wishes  to  substitute  one  card  for  another,  which  is  called  "filer  la 
carte."  To  conceal  this  operatiou  he  proceeds  as  follows:  He  stands 
Dot  behind  the  table,  but  iu  front  of  it,  between  the  audience  aud  the 
table,  which  of  course  necessitates  his  turning  a  little  when  he  places 
the  card  upon  the  table.  This  slight  change  of  position  conceals  his 
hand  and  enables  him  to  change  the  cards.  There  are  niany  secret 
movements  made  by  the  prestidigitator  on  returning  to  the  stage  after 
having  been  among  the  audience.  His  back  being  turned,  it  is  ver^ 
easy  for  him  to  sub-stituto  other  objects  for  those  confided  to  bim. 
Ollen,  also,  the  artist  arranges  matters  so  that  at  a  certain  part  of  the 
trick  it  become  necessary  for  him  to  go  to  the  other  end  of  the  hall  in 
order  to  procure  an  important  object,  and  during  this  time  the  substi- 
tution is  malle;  sometimes,  also,  to  give  himself  more  time,  he  pretends 
to  be  eagerly  looking  for  something  which  he  has  not  in  reality  let  fall. 
Tbere  is  a  trick  daring  which  pretended  search  a  watch  is  wrapped  io 
paper  and  placctl  in  a  donble-bottoine<t  bos.  Better  still,  the  sultsti- 
tution  can  be  made  by  confiding  the  object  to  an  aid  and  then  asking 
him  for  it  again.  For  instance,  it  is  a  live  bird  with  which  we  have 
just  coDcladed  a  trick ;  we  give  it  over  to  the  "servant,"  telling  him  to 
replace  it  in  its  cage,  and  then,  as  if  on  second  thought,  we  say,  "No; 
hand  me  the  bird;  I  wish  to  use  it  in  a  new  trick."  The  aid,  who 
has  had  bis  back  tamed  for  one  moment,  and,  moreover,  whose  move- 
ments no  one  thought  of  watelung,  has  made  the  exchange.  Alive  bird 
was  given  to  bim;  he  gives  in  its  place  a  dead  one,  aad  afterwards  the 
spectators  will  be  astonished  to  perceive  the  substitution,  inasmuch  as 
they  fully  believed  that  the  bird  had  not  been  out  of  their  sight. 
Another  example  of  substitution  similar  to  the  preceding  one:  Ad 
object  has  been  borrowed  by  the  magician,  which  he  wraps  ap  uuder 
the  spectators'  eyes,  and  he  wishes  to  replace  it  by  a  similar  object — 
that  is  to  say,  similar  only  in  ap|>earance,  as  it  is  one  of  his  "trick" 
objects  which  be  has  secretly  placed  in  the  crown  of  a  bat.  The  pres- 
tidigitator says  simply:  "I  place  the  object  in  this  hat;  or,  rather,  1 
will  confide  it  to  this  person."  Id  saying  the  first  words  he  rapidly 
introduces  the  little  object  into  the  hat  and^takes  out  the  one  already 
there.  He  does  the  act  in  a  careless,  negligent  way,  even  avoiding 
casting  his  eyes  into  the  bat,  and  the  consequence  is  that  wbeu  be 
changes  his  mind  the  spectators  are  not  aware  of  the  secret  action. 

In  many  tricks  it  is  convenient  to  hide  the  hand  at  times  behind  a 
screen  or  some  other  object.  Should  we  wish  to  relieve  ourselves  of  a 
handkerchief,  for  instance,  which  we  have  in  our  hand,  we  draw  near 
an  armchair  and  let  the  handkerchief  fall  behind  it,  without  the  aadi- 
ence  knowing  that  the  chair  has  for  a  moment  hidden  the  prestidigi- 
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tator'a  hand  and  lio  ba»  profited  by  it.  T)ie  table  wliicli  the  artist nses 
is  of  the  greatest  service  to  screen  Ui»  hands.  This  table  is  nearly 
always  pi  orided  with  a  pocket  and  other  contrivances  on  the  side  turned 
from  the  audience,  in  which  the  objet^ti^  he  wishes  to  make  disappear 
fall  without  the  slightest  noise,  and  Jrorn  which  objects  can  be  taken 
without  the  knowledge  of  those  looking  on.  The  prestidigitator  passes 
bis  hand  carelessly  in  making  a  gesture,  and,  without  arresting  the 
moTetnent  behind  the  table,  takes  the  objei't  from  tho  iiocket  or  relieves 
himself  of  it,  as  the  tritk  requires.  This  process  is  so  simple  that  it 
snffices  f>  mention  it  to  have  it  niidei'stood ;  hut  one  would  never 
suspect  the  services  it  can  render.  It  is  very  easy  when  one  has  confl- 
deuce  in  one's  self  to  place  the  hand  which  holds  the  object  unaffectedly 
ou  the  edge  of  the  table;  one  has  only  to  o]>en  the  fingers  slightly  and 
tbe  object  falls  noiselessly  into  the  i>ocket,  and  the  trick  is  done.  The 
simpler  the  means  the  less  suNptcion  it  arouses. 

There  are  even  cases  when  we  may  conceal  an  object  as  large  as 
15  centimeters  in  diameter.  This  object,  which  is  called  a  "bullet,'* 
is  of  black  hard  wood;  it  is  hollow,  and  has  iu  it  a  little  hole  just 
large  enough  tu  pass  the  finger  through.  The  bullet,  which  should 
be  filled  with  all  sorts  of  objects  beforehand,  should  be  surreptiti- 
ously introduced  into  a  hat  borrowed  from  one  of  the  audience,  in  order 
that  the  prestidigitator  may  transform  it  iiit^)  a  horn  of  plenty.  It  is 
not  an  easy  matter  to  conceal  the  bail  on  account  of  its  dimensions; 
but  the  hat  is  used  for  the  purpose  of  covering  it  and  no  one  perceives 
it.  Behold  howKobert  Houdin  describes  this  classical  trick:  "The  hat 
is  held  in  the  right  hand  with  four  fingers  only,  the  middle  l>eing  left 
at  liberty.  The  operator  gwts  behind  the  table,  at  the  same  time  talking 
and  gesticulating  in  such  a  way  with  the  hand  that  holds  the  bat  that 
the  hand  becomes  reversetl  and  placed  a  little  above  the  ball  or  bullet. 
In  this  position  tlie  left  arm  is  put  forward  on  one  pretext  or  another 
to  take  something  from  tbe  front  of  the  table.  In  acconlaiice  with  this 
movement  the  body  comes  forward  a  little,  and  the  right  hand  is  lowered 
to  the  level  of  the  table;  the  middle  finger  is  then  inserted  -in  the 
bullet,  raises  it,  and  introduces  it  subtly  into  the  hat.''  Necessarily 
the  si>ectators  can  not  suspect  any  of  these  maneuvers,  which  are  mmie 
auder  the  hat  and  which  are  hidden  from  them.  A  carious  feature  is 
that  the  spectators  do  not  perceive  thnt  the  aperture  of  the  hat  has 
tieen  hiddeu  for  a  moment,  and  the  artist  has  profited  by  it  to  introduce 
something  into  it.  Another  manner  of  concealing  objects  frequently 
resorted  to  is  iu  passing  them  from  one  hand  to  another.  Should  we 
wish  to  introduce  a  box,  a  puppet — no  matter  what  the  object  hapi>ens 
to  be — into  a  handkerchief  just  borrowed  from  one  of  the  audience, 
the  handkerchief  is  held  in  the  left  hand,  the  object  is  held  iu  the  riglit, 
and  with  a  very  natural  gesture  the  handkerchief  is  passed  into  the 
right  hand,  or  the  object  in  the  same  way  placed  in  the  left.    The 
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oUier  hand,  it  is  impossible  for  tbe  Bpectator  to  see  the  tricli,  aa  the 
hand  remains  constantly  closed. 

The  magic  wand  is  of  great  service  in  tricks  of  this  kind,  as  tlie  very 
fact  that  the  wand  is  in  the  hand  is  reason  enough  for  the  hiuid 
remaining  partly  closed,  and  therefore  making  it  possible  to  conceal 
many  objects  in  its  palm.  Moreover,  the  prestidigitator  does  not  hold 
the  vand  in  liis  hand  all  the  time;  when  it  becomes  necessary  for 
him  to  use  both  bis  handa  in  presenting  an  object  to  the  view  of  die 
spectators,  he  lays  his  magic  stick  on  the  table;  a  moment  afterwards 
he  takes  it  up  and  raps  with  it  as  a  signal  that  the  illusion  is  about  to 
take  place.  These  movements  appear  to  have  so  little  aigniAcance 
that  the  spectators  have  not  only  neglected  to  look  at  them  but  they 
don't  really  perreive  them.  Kevertheless,  they  are  decidedly  impor- 
tant. In  placing  the  wand  on  the  table  the  prestidigitator  relieves 
himself  of  the  embarrassing  object;  taking  np  the  waod,  he  possesses 
himself  of  another  object.  The  lookers-on  have  seen  nothing  and  sus- 
pect nothing. 

IV. 

The  preceding  analysis  demonstrates  how  very  difficnlt  it  is,  even  for 
an  intelligent  observer,  to  see  everything  that  takes  place  in  front  of 
him.  To  see  everything  it  is  not  only  necessary  to  open  the  e>'es  wide, 
for  the  human  eye  is  not  like  the  pbotographer^s  plate,  which  reflects 
withont  discernment  all  the  details  of  the  reality.  The  mental  percep- 
tion of  objects  is  subjected  to  intlnences  which  cause  certain  objects 
to  be  seen  correctly,  others  not  to  be  perceived,  and  still  others 
which  do  not  exist  are  so  vividly  imagined  that  we  believe  we  see 
them.  To  complete  onr  study  we  thoaght  it  would  prove  interesting 
to  have  recourse  to  photography,  which  to-day  is  the  natural,  almost 
indispensable,  accompaniment  of  visual  observation.  Thanks  to  the 
cooperation  of  Mr.  Georges  Demeny,  Professor  Marey's  clever  assist- 
ant, we  have  not  been  compelled  to  content  ourselves  with  one  or  two 
isolated  examiiles.  Mr.  Demeny,  with  the  aid  of  the  new  chronopho- 
tographic  apparatus  willingly  photographed  several  tricks  of  presti- 
digitation. This  apparatus,  of  which  a  description  was  given  at  the 
Academy  of  Sciences,  is  capable  of  taking  a^  many  as  thuty  instan- 
taneous photographs  of  one  movement;  each  one  of  these  photographs 
is  separated  from  the  other  by  an  equal  space.  The  series  of  the 
experiment  gives  at  the  same  time  the  form  of  the  phenomenon  and 
the  length  of  time  it  occupies.  It  is  well  known  that  chronophotog- 
raphy  has  found  nnmeroas  applications  in  the  domains  of  physical 
and  natural  sciences.  It  is  to  photography  we  owe  the  analyziDg  of 
many  complex  movements  which,  on  account  of  their  rapidity,  escaped 
the  analysis  of  the  eye,  for  instance,  the  flying  of  a  bird,  the  difler- 
eut  gaits  of  the  horse,  the  step  of  man  while  running  or  walking,  and 
general,  all  physical  exercises. 
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Two  artists,  Messrs.  Aroould  aud  Uayiialy,  vouseuted  to  execute 
before  the  apparatus  their  very  beat  tricks  witU  cards  aud  with  jaggliug 
balls.  We  thas photographed "lesaatde  couped'une  main,  et  de  deux 
mains,"  "le  lUage,"  " le  rayoDnement,"  "la  carte  d.  V<vjI,"  and  also  the 
vanishing  cage,  natmeg,  egg,  etc.  Each  of  these  trieks,  which  occu- 
pies abont  a  second,  often  less,  was  detiiiled  by  a  dozen  photographs. 
The  egg  trick,  which  takes  exactly  a  second  and  a  half,  can  be  studied 
iu  a  series  of  fifteen  photographs,  each  of  whieh  is  as  complete  in  every 
detail  as  if  the  artist  liad  sat  for  it  alone. 

On  examining  this  photographic  collection  we  are  surprised  at  not 
finding  the  illusion  so  forcible  as  when  the  trick  is  executed  before 
our  eyes;  in  looking  over,  for  example,  the  numerous  pictures  which 
indicate  the  position  of  the  hands  in  "  nn  saut  de  coup,"  we  seize  the 
mechanism  of  this  complicated  operation,  but  we  can  not  understand 
how  the  illusion  was  produced.  This  series  of  photographs  revealed 
to  Mr.  Raynaly,  who  had  executed  the  trick,  a  detail  which  lie  had  not 
perceived  before.  During  "le  saut  de  coupe,"  which  he  performs  in 
about  fifteen  Imndredths  of  a  second,  he  places  one  of  his  hands  in  front 
of  the  cards  to  screen  them  from  view ;  but  the  whole  trick  is  executed 
with  such  rapidity  that  the  spectator  does  not  perceive  this  action,--, 
and,  what  is  still  more  curious,  the  artist  himself  was  not  aware  of  it.  J 
The  photographs  of  the  artist  juggling  an  egg  has  also  curious  results; 
one  can  follow  attentively  the  successive  attitudes  of  his  hands  in  pre- 
tending to  pass  the  egg  from  the  right  to  the  left.  We  have  not  for 
one  moment  the  impression  that  the  exchange  has  actually  been  made. 
We  are  even  sarprised  to  see  that  the  pretended  movement  resembles 
the  real  movement  only  at  a  disr.ance.  Not  in  one  of  the  pictures  has  the 
baud  the  natural  movement  it  should  have  in  laying  hold  of  an  object; 
the  trick  is  done  so  rapidly  that  a  gross  imitation  is  snfficieut  to  give 
the  illusion.  If  the  photographic  proof  destroys  so  completely  the 
illusion,  it  is  because  it  does  away  with  all  the  ivdjuncts  necessary  for  the 
illusion  which  we  haveennmerated:  The  rapidity  of  the  trick,  the  little 
discourse  given  by  the  artist,  the  maneuvers  which  cause  a  diversion 
or  a  diminution  of  attention,  etc.  Thanks  to  photography,  we  can 
make  a  division  between  these  elements  of  all  ]>erception  wbicb  are  so 
often  confounded  the  one  with  the  other:  Brute  sensation  and  the  inter- 
pretation of  the  mind. 
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A  DISCOVERY  OF   GREEK   HORIZONTAL  (MTKVKa   IN  THE 
MAISON  CARREE  AT  NIMES.' 


By  Wm.  Henry  (Ioodyeab. 

Forty-font  years  have  parsed  away  since  Francis  Craumer  Penrose, 
then  an  architect  just  beginning  lift!,  publiHlied.witb  tlic  aid  aud  coopera- 
tion of  the  Dilettanti  Society  of  London,  his  e|ioch- making  work  on  the 
Principles  of  Athenian  Arclntcctnre.  It  waa,  therefore,  in  1851  that 
the  world  of  science  was  first  advised  of  a  series  of  facts  regarding  the 
construction  of  the  Parthenon  and  other  temples  of  the  GreekK  which 
are  still  a  peri>etual  sonrce  of  wonder  and  of  s])ecii1ation  to  the  s[wcia1- 
ist,  to  whose  knowledge  even  the  existence  of  these  factn  is  still  very 
closely  confined. 

The  observations  and  measurements  of  I'enrose  were  undertaken  in 
1845,  and  were  completed  in  1H40  and  1S47.  Up  to  those  years  the 
Greek  temple  was  supposed  to  be  what  to  the  su))erficial  observer  it 
appears  to  be.  Its  horizontal  linos  were  supposed  to  be  level  and  were 
consequently  suptmscd  to  be  straight;  its  vertical  lines  were  supposed 
to  be  perpendicular ;  its  <rorrespondtiig  and  apparently  equal  dimensions 
were  supiwsed  to  be  e(iual,  and  its  corres{>oDding  spaces  and  distances 
were  supposed  to  be  commensurate.  To  discover  an  exact  mathematical 
ratio  in  its  main  proportions  was  thec^iustivnteffortof  thearchuH>logi8t. 
The  mathematical  ratios  had  not  been  discovered  e\a<-tly ;  bat  this  was 
thought  to  be  the  fault  of  the  modern  and  not  the  fault  of  the  Greek. 

On  a  sudden  the  measuring  rod  of  Penrose  repealed  that  no  two 
neighboring  capititlsor  abaci  of  tiie  Parthenon  are  of  corresponding 
size,  that  the  diameters  of  the  columns  am  niie<iual,  that  the  inter- 
columnar  spacings  are  irregnlar,  and  that  the  niotoi>e  spaces  are  of 
irregular  width.  His  plumb  line  showed  that  none  of  the  appartnitly 
vertical  lines  are  really  i)erpendicular.  The  columns  all  lean  toward 
the  center  of  the  building.  The  side  walls  also  lean  to  the  center. 
The  pilasters  or  anta-  at  the  angles  of  the  building  lean  forward.  The 
architrave  and  frieze  lean  backwani  and  away  fnnn  the  imaginary 
perpendicular.  The  cornice  and  the  fillet  between  the  frieze  and  archi- 
trave, as  well  as  the  acroteria  and  anteAxiu,  have  their  faces  inclined 
forward  of  the  imaginary  per]>endicnlar.    Finally,  the  main  horizontal 
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lines  of  the  baildiog  are  conBtmcted  in  carves  which  rise  in  votical 
phines  to  tbe  center  of  each  aide,  bat  these  corves  do  not  form  paraQels. 

Three  main  fiaots  ap]>ear  throughont  all  these  varioaa  pheoMnena: 
First,  an  anqa^stionable  pnrttose  and  intention,  whatever  the  porpoie 
and  intention  may  have  been;  second,  an  avoidance  of  all  exact  ratios 
in  proportions,  of  all  exact  corresponilences  in  the  presomably  eqnal 
objects,  sizes,  and  Hpaces,  and  of  all  mathematically  straigbt,  matbe- 
maticallf  perpemlicnlar,  and  mathematically  parallel  lines;  third,  an 
avoidance  of  all  such  irregnlarities  as  are  easily  detected,  or  as  ar« 
obtmsively  couflpicnoas  to  tlie  eye. 

As  regardB  the  carves,  they  are  inconspicnons  to  the  eye  nnless 
sighted  for  from  some  one  angle  of  tbe  batkUng  and  along  the  line  of 
tbe  steps,  or  of  tbe  exterior  line  of  the  stylobate  (the  platform  on  which 
the  temple  rests).  As  viewed  even  from  such  an  angle,  they  are  so  deli- 
cate as  not  to  be  obtrosively  conspicaoos.  As  seen  from  other  points 
of  view,  especially  opposite  the  center  of  the  ends  or  sides  of  tbe  build- 
ing, they  may  be  detected  by  close  observation,  bat  there  is  no  point  of 
view  from  which  the  eye  is  not  naturally  disposed  to  discount  the  effect 
as  one  of  persjiective.  As  there  are  no  straigbt  lines,  but  only  delicate 
carves  when  straight  lines  are  viewed  in  perspective,  it  is  natnral  for 
the  eye  to  discount  the  effect  of  a  delicate  curve;  for  this  is  what  the 
eye  constantly  does  when  the  actually  straigbt  line  is  curved  by  nat- 
nral persi>ective.  As  regards  the  apjiearauce  of  inclination  in  tbe  col- 
nmns,  we  have  tbe  testimony  of  Mr.  Penrose  that  he  was  months  in 
Athens  before  he  could  determine  by  the  eye  without  plambing  wbicb 
way  a  given  column  leans,  and  this  fact  will  describe  the  delicacy  of 
other  deviations  from  tbe  perpendicular. 

As  regards  tbe  variations  in  size  of  presiunably  eqaal  objects,  or  of 
spacing  in  presumably  equal  distances,  it  maybe  said  that  noneof  them 
can  be  definitely  asserted  to  exist  on  purely  ocular  testimony,  and  that 
tbe  surveyor's  work  is  necessary  not  only  to  determine  their  amount, 
but  even  to  determine  tbeir  existence.     Here  again  tbe  difficulty  in 
definite  ocular  detet^tion  dei>ends  on  the  fact  that  all  objects  of  exactly 
corresitondiii 
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would  naturally  ap|>ear  c^iual,  the  ditFerenct;  of  size  iudicates  to  the 
«ye  a  detlectiou  in  the  line  of  the  building,  or,  iu  other  words,  the 
spectator  appears,  in  so  far,  to  be  nearer  to  the  large  capital  than  he  is 
to  the  smaller  one. 


We  wiU  now  specify  some  of  the  maximum  cases  of  iiregnlarity 
according  to  the  measnrements  of  Penrose,  which  are  given  iu  feet  and 
decimals  of  a  foot.  The  curve  of  the  Partheuon  entablature  on  the 
flanks,  about  228  feet  in  length,  is  0.307  (dec^imalH  of  a  foot).  At  the 
sides  of  the  building  it  is  0.171  in  something  over  100  feet.  (The  flattest 
curve  in  Greek  art  is  the  entasis  of  the  Erecbtheium  columns,  which  ia 
0.0195  in  21  feet.)  The  Parthenon  colnmns  lean  0.228  in  30  feet,  an 
inclination  of  one  unit  in  150  units.  In  otiier  words,  as  the  columns 
lean  to  the  center  of  the  bnilding  they  would,  if  sufficiently  prolonged 
in  height,  meet  at  a  height  of  5,856  feet  above  the  level  of  the  pavement. 
The  autie  have  a  forward  leau  of  1  unit  in  82,  and  the  acroteria  and 
the  anteflxie  have  a  forward  lean  of  1  in  25.  A  maximum  devia- 
tion  in  spacings  of  the  metopes  is  0.325;  the  measurements  of  these 
spaces  being  4  feet  and  over.  The  maximum  deviation  in  intercolumnar 
spacings  is  over  2  feet,  but  this  amount  of  deviation  is  only  found  at 
the  angles  where  the  columns  next  the  corner  are  that  much  nearer  the 
corner.  At  these  points  the  spacings  narrow  fVom  8  feet  and  a  decimal 
to  6  feet  and  a  decimal.  Aside  from  the  angle  columns  the  maximum 
intercolnmnar  deviation  on  the  north  tlank  is  0.130,  in  measurements 
which  are  all  over  8  feet  with  decimal  variations.  A  masimum  devia- 
tion in  the  diameters  of  columns  (of  corresponding  lines  and  sizes)  is 
0,23  in  measurements  giving  diameters  of  5  feet  nud  a  decimal.  A  max- 
imum deviation  in  size  of  the  capitals  is  0.312  in  measurements  of  6  feet 
and  a  decimal. 

These  instances  will  give  an  idea  of  the  amount  of  actual  irregulari- 
ties according  to  actual  measurement,  and  we  will  add  that  inst-anccs  of 
two  adjacent  measarements  being  equal  are  almost  absolutely  unknown. 
We  can  occasionally  trace  some  scheme  in  tbe  variations  by  comparing 
two  halves  of  one  end,  or  one  side  of  the  building,  but  when  such  a 
scheme  appears  it  does  not  repeat  itself  in  any  two  different  series  of 
measurements  on  one  side  or  one  end  of  the  building.  For  instance, 
in  tbe  metopes  of  the  east  front  the  spaces  widen  from  tbe  angles 
toward  the  center,  but  this  does  not  hold  of  the  intercolumnar  HpocingB, 
where  the  only  perceptible  scheme  is  that  which  makes  the  corner 
intercolomniations  narrower  by  2  feet  and  n  fraction. 

That  all  these  remarkable  deflections  and  irregularities  were  intended 
has  been  proven  by  masonry  measurements  and  masonry  observations. 
Penrose  places  the  maximum  deviation,  due  to  error  or  carelessness  in 
the  Partheuon  masonry,  at  one-flftieth  of  an  inch.  The  two  ends  of  the 
building  are  of  equal  width  withiu  that  fraction.  The  diSierence  of  0.02 
(inch  decimal)  in  101  feet  points  out  "the  degree  of  error  which  may 
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1iav<;  arisen  fVoin  iiiacciiratiy  of  vork  man  ship  in  the  I'artlienon.'  To 
quote  liis  own  wordn  ngain:  "Id  the  measuremeot  of  motleru  or  even 
Koman  buildings  an  attempt  to  obtain  the  original  measurements  of  wn- 
»iderab1e  distances  to  tlie  thousandth  part  of  a  foot  would  lie  fallacioas, 
but  in  a  building  of  the  best  Greek  ^vorkmanship  it  can  be  done  satis- 
factorilj'  if  proper  care  be  taken  to  aelei^t  such  lueasurenicnts  as  have 
\>eea  least  exposed  to  the  lu'-tion  of  the  weather,  for,  owing  to  the  perfect 
Jointing  of  the  stones,  the  errors  occasioned  by  any  small  shifts,  which 
may  have  arisen  from  earthquakes  or  the  violence  of  Imman  as^iicy, 
can  be  corrected  most  satisfactorily."  To  illustrate  the  refinement  of 
masonry  jointing  ho  mentions  the  observation  of  Stuart  that  the  stones 
of  the  steps  under  the  columns  of  the  Parthenou  have  actually  grown 
together.  "  On  breaking  off  parts  of  two  stones  at  the  joint  he  found 
them  as  firmly  united  as  though  they  had  never  been  separate."  This 
is  explained  as  due  to  molecular  attraction  of  two  surfaces  grountl 
together  to  a  very  smooth  finish,  on  the  principal  which  explains  why 
two  panes  of  glass  may  adliere  to  one  another.  For  an  account  of  the 
methods  by  which  this  wonderfully  fine  fitting  and  jointing  were 
obtained,  the  work  I  am  quoting  must  be  consulted. 

n. 

Although  the  ultimate  topic  of  this  paper  is  the  discovery  of  Gre^k 
horizontal  curves  in  the  Maison  Carree  at  Nimes,  which  1  made  in 
1S91, 1  have  considered  it  uecesaury  not  only  to  include  an  account 
of  the  existence  of  the  <Jreek  curves  themselves,  but  also  a  rather 
explicit  mention  of  all  the  irregularities  connected  with  them;  not  only 
because  incommensurate  int«rcolumuar  spacings  and  leaning  faces  and 
members  are  include<l  in  my  observations  at  Kimes,  but  also  because 
the  existence  of  the  Greek  horizontal  curves  is  one  of  a  series  of  facts 
whose  snvrtling  significance  and  im{>ortance  can  not  be  wholly  grasped 
until  all  of  thorn  are  made  known.  This  jwint  again  reacts  on  the 
importance  of  all  observations  which  tend  to  supplement  or  accent  cer- 
tain explanations  of  any  one  set  of  these  phenomena  as  against  some 
certain  other  explanation.  It  will  presently  api)ear  that  »iy  discovery 
at  Nimes  lias  the  result  of  agitating  the  still  undetermined  purpose  or 
pur]H>seH  of  the  Greek  optical  refinements  in  masonry,  and  that  it  tends 
to  minimize  the  im[>ortancc  of  the  explanations  offered  by  Penrose  in 
favor  of  those  which  have  been  ofi'ered  by  certain  other  students.  It 
also,  as  we  shall  see,  throws  a  strong  side  light  on  the  probable  Egyp- 
tian origin  of  the  Greek  curves,  and  thereby  again  tends  to  throw  new 
light  on  their  ]iurpose  ou  account  of  certain  peculiar  features  of  the 
Egj'ptikiii  examples. 

We  will,  therefore,  draw  nearer  to  my  ultimate  aim  by  degrees,  and 
by  considering  in  the  next  pla<'e  the  history  of  the  discovery  of  the 
Greek  horizontal  curves,  whose  confirmation  and  detailed  demonstra- 
'ion  it  was  the  great  mission  of  I'enrosu  to  accomplish. 
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The  meaenrement  of  the  horizoDtal  curveB  was  the  ^eat«8t  achieve- 
ment of  Penroae,  but  their  existeuce  vaa  not  his  discovery,  as  mauy 
of  the  facts  were  which  I  have  jnst  enumerated.  In  all  cases  it  is  the 
measurements  of  Penrose  which  have  established  the  facts  as  not  being 
accidental  and  as  being  iu  masonry  constructiou ;  but  the  observation 
which  discovered  the  curves  was  made  in  1837  by  Mr.  John  Penne- 
thome,  and  in  the  same  year  and  about  the  same  time  the  curves  of  the 
Parthenon  were  noticed  by  two  German  architects,  Hofer  and  Schaa- 
bert.  These  gentlemen  were  the  first  to  publish  the  discovery  in  1838. 
This  publication  appeared  in  a  Viennese  architectural  journal,  the  ' 
Weiner  Bauzeituug. 

What  is  the  peculiar  constitution  of  the  modern  eye  which  had  over- 
looked the  existence  of  these  curves  till  1837t  What  is  the  peculiar 
constitution  of  the  modern  reader  who  had  anxioasly  been  conning  his 
Vitruvius  since  1500  without  considering  the  passage  in  which  this 
Roman  author  directs  theconstruetiou  of  these  curvesf  Why  is  it  that 
when  Wilkins  made  his  excellent  translation  of  Vitruvius  in  1812  he 
added  a  footnote  to  the  passage  on  the  curves  to  say  that  "this  great 
refinement  suggested  by  physical  knowledge  docs  not  appear  to  have 
entered  into  the  execution  of  the  works  of  the  ancients"  t  Why  is  it 
that  Wilkins  did  not  do  in  1812  what  Pennethome  did  in  1837 — that  is, 
test  the  author  by  the  buildingsl 

Here  at  least  are  the  facts.  It  is  forty-fonr  years  only  that  the  world 
of  science  has  had  tlie  proper  measurements  of  the  Greek  temples. 
Stuart  and  Bevett  had  measured  the  whole  Parthenon  as  far  back  as 
1756.  Lord  Elgin  and  his  workmen  had  had  their  scaffolds  on  it  in  the 
early  nineteenth  century,  and  yet  the  curves  liad  not  been  i^een.  It  was 
not  even  known  until  1810  that  tlic  Greek  columns  had  an  entasis. 
This  was  the  discovery  of  Cokerell,  but  he  did  not  notice  that  all  lines 
of  the  entire  building  exhibited  a  similar  reflnement.  Donaldson  dis- 
covered in  1829  the  lean  of  the  columns,  but  it  was  left  for  Penrose  to 
discover  the  inward  lean  of  the  door  jambs  and  forward  leau  of  the 
antie  and  the  inclined  faces  of  the  entablature. 

Let  ns,  then,  emphasize  for  a  momentthcdiscovery  of  Pennethome  as 
leading  to  all  the  later  ones,  and  crowning  all  the  earlier  oues,  and  let 
ns  relate  the  way  in  which  he  made  it.  Mr.  JohnPennethorne,  whowas 
then  a  yonng  architect,  had  firstvisiied  Athens  in  1832,  and  he  did  not 
then  make  this  discovery.  In  1833  he  made  a  trip  to  Hgypt  and  was 
astounded  to  find  m  the  Tlieban  temple  of  Medinet  FFabou  a  series  of 
convex  curves  in  the  architraves  of  the  second  court.  On  his  return 
from  Egypt  he  visited  Athens  a  second  time  in  lUSti,  again  without 
observing  the  existence  of  the  curves  in  AtheiiN.  It  appears  that  after 
his  second  return  to  England  the  passage  in  Vitruvius  attracted  his 
attention.  He  says  that  he  saw  no  reason  to  doubt  the  implications  o' 
the  passage  in  Vitrnvins,  and  thus  was  lend  to  make  a  third  visit  1 
Athens  and  reexamine  the  Parthenon.  Thus  was  the  discovery  iuad< 
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It  shoald  DO  doubt  be  added  that  tbe  long  sides  of  the  Parthenon  have 
lost  the  main  central  |>ortions  of  tlieir  entablatures  by  the  gunpowder 
explosion  of  the  seventeenth  century,  and  that  consequently  the  curves 
can  not  be  studied  here.  Attheendsof  the  building,  which  are  shorter, 
it  is  not  so  easy  to  notice  the  curve  of  tbe  entablature.  The  most 
favorable  location  for  the  obaervatiou  is  on  the  long  aides  of  the  stylo- 
bate.  Here,  then,  is  the  place  to  point  out  that  this  platform  of  the 
temple  and  also  the  temple  st«ps  had  been  covered  by  rubbish  down  to 
1837,  and  that  observations  of  the  curves  on  their  lines  had  been  previ- 
ously impossible  in  the  Parthenon.  But  we  may  also  point  out  that 
theTheseum  at  Athens  has  its  long  sides  and  upper  entablatures  intact. 
Here  at  least  the  curves  might  have  been  noticed  before  1837.  The 
curves  have  since  been  noticed  in  a  number  of  other  ruins  which  had 
been  visited  by  students  and  measured  before  1837.  The  laying  bare 
of  tbe  etylobate  of  the  Parthenon  in  1837  assisted  the  discovery  of 
Pennethorne,  but  it  does  not  explain  why  some  other  student  had  not 
previously  made  the.  observation  for  the  Theseum  and  for  noiperoaa 
other  temples. 

The  reader  will  notice  that  I  am  working  gradually  toward  an  expla- 
nation of  the  fact  that  the  curves  of  the  Maison  Carrie,  in  soathem 
France,  were  not  noticed  as  being  in  construction  until  1891.  We  have 
a  parallel  fact  for  the  Athenian  temples.  Those  bnildings  bad  been 
studied  and  carefully  measured  for  a  period  of  over  eighty  years  before 
their  curves  were  noticed.  In  1756  were  begun  tbe  measaremetit«  of 
Stuart  and  Kevett;  in  1837  were  made  the  observations  of  Pennethorne 
and  Hofor. 

What,  then,  is  tbe  explanation  for  tbe  oversight  of  these  pbeuomena 
in  either  caaet  Clearly  there  are  two.  The  modern  eye  is  doll  and 
blunted  as  compared  with  the  eye  of  the  Greek,  People  look,  bat  they 
do  not  see.  But,  above  all,  the  effect  is  discounted  by  theey&  What- 
ever may  have  been  the  purpose  of  tbe  Greek  curves,  thereare  only  two 
possible  effects.  From  certain  points  of  view  (it  may  be  Anm  all  points 
of  view)  a  perspective  enlargement — from  other  points  of  view  an 
optical  niystilication,  if  not  a  perspective  enlargement 

We  will  illustrate  the  direct  perspective  effect  of  enlargement  by 
assuming  a  point  of  view  opposite  the  center  of  one  of  the  sides  or  of  one 
of  tlie  ends  of  the  building.  From  such  a  point  of  view  the  lines  will  fall 
in  perspective  on  either  side,  and  as  their  change  of  direction  is  purely  an 
optical  effect,  in  which  each  point  of  the  line  changes  position  according 
to  its  distance  irom  the  eye,  it  follows  that  this  line  must  be  a  curve  down- 
uard  in  each  direction  away  from  the  center.  On  this  head  we  can 
have  only  oue  opinion  from  all  experts  in  curvilinear  perspective. 

We  will  illustrate  the  optical  mystification  by  assuming  a  standpoint 
opfiosite  one  of  the  angles  of  tlie  building.  I  will  not  assert  absolutely 
+bat  there  is  a  perspective  increment  from  this  position.     Itisuyopin- 

>n  that  the  already  recognized  principles  of  curvilinear  perspectiTe 
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may  involve  this  position,  but  it  would  be  a  position  bo  far  not  familiar 
to  experts,  and  I  prefer  not  to  debate  it  here.  I  will,  however,  most 
positively  assert  that  from  the  given  point  of  view  one  of  two  results 
must  follow,  either  a  direct  perspective  increment,  or  else  an  optical 
mystification  owing  to  the  contradictory  optical  effects  of  two  sets  of 
phenomena — one  of  which  effects  is  artificial,  while  the  other  effect  is 
naturaL 

For  our  present  purpose  it  makes  no  difference  whether  optical 
mystification  or  perspective  increment,  or  both,  are  the  results  of  the 
Greek  horizontal  curves.  My  present  argument  is  simply  te  the  end 
that  in  either  case  the  effect  is  discomited  by  the  eye.  The  cause  is 
therefore  not  perceived. 

We  may  therefore  assign  three  causes  for  the  long  failure  of  the 
modern  eye  to  detect  the  Greek  horizontal  curves:  First,  inferior 
sharpness  of  visiou  and  inattention  to  art  forms.  It  is  admitted  that 
Greek  art  and  Greek  taste  were  superior  to  our  own.  This  amounts  to 
admitting  that  the  Greek  eye  was  more  acute  and  more  highly  trained. 
Second,  the  effects  of  the  curves,  whether  they  be  perspective  effects 
or  simply  mystifications,  or  both,  tend  to  prevent  the  detection  of  the 
underlying  facts  aud  causes.  Third,  the  curves  are  so  delicate  as  not 
to  be  obtrusive  to  tlie  eye  under  any  circumstances. 

We  are  prepared  therefore  to  uiiderstaud  why  the  curves  of  the 
MaiBon  Carrie  have  not  beeu  uoticed  auouer, 

I  have  so  far- carefully  avoided  making  any  reference  to  the  i>Hr|>ose 
of  the  Greek  curves.  I  have  only  asserted  that  they  have  certain 
results,  without  debating  the  question  whether  these  results  were 
intended.  It  will  now  bring  us  nearer  to  our  ultimate  topic  and  aim 
if  I  announce  my  own  observations  for  horizontal  curves  in  Egyptian 
temples  and  connect  tliem  with  those  of  Mr.  I'ennethorne,  which  I 
have  mentioned  for  the  Thebau  temi)Ie  of  Medinet  Uabou. 

III. 

It  is,  then,  a  fact  to  he  once  more  noted  that  tlie  discovery  of  curves 
in  Greek  temple  construction  was  preceded  by  a  discovery  of  curves  in 
Egyptian  temple  construction  and  that  the  same  person  made  both 
diRCoveries.  It  is  also  a  fact  to  be  noted  that  the  curves  of  the  Greek 
temples  (as  so  far  discussed)  are  curves  in  elevation,  curves  iu  the 
direction  of  the  altitude,  while  the  curves  at  Medinet  Ilabou  are  curves 
iu  plane,  convex  to  the  line  of  vision.  They  are  curveslying  in  hori- 
zontal planes  as  distinct  from  curves  lying  in  vertical  planes.  It  would 
appear  reasonable,  considering  the  growing  conviction  of  scholars  that 
Egyptian  art  and  culture  had  in  many  important  w:iys  intiueuced  the 
Greeks,  that  any  theory  as  to  the  purpose  of  the  Greek  curves  should 
be  a  theory  which  would  also  include  Egyptian  curves  in  its  explana- 
tion, but  this  has  not  beeu  the  case,  strange  to  say.  The  reasons  for 
this  are  not  only  carious  but  they  are  also  im|>ortant  to  our  argumen' 
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Mr.  PenD^thorne's  discovery  of  the  carves  at  Athens  vas  not  imme- 
diately published  by  bim,  aside  from  a  pamphlet  printed  for  private 
distributiOD,  nor  vas  it  pubhsbed  by  bim  for  many  years.  His  own 
publication  was  delayed  until  1878,  tweuty-seven  years  after  the  publi- 
cation of  Penrose,  and  forty-one  years  after  his  own  discovery.  This 
delay  appears  to  bave  been  owiuff  to  lacii  of  encouragement  iu  bis 
special  studies  and  to  the  abandonment  for  many  years  of  hisGlioseD 
career.  He  tells  ns  that  he  took  up  the  pursuit  of  agriculture  soon 
after  bis  return  to  England.  Most  curious  of  all,  he  did  not  knowuutil 
]8(iUthiit  the  curves  which  be  first  discovered  Lad  been  measured  by 
Penrose  iu  1846.  It  was  not  till  I86U  that  the  work  of  Penrose  pub- 
lished in  1851  came  to  his  knowledge.  It  was  not  until  1878  that  be 
announced  the  curves  atMedinetUabon,  and  meautime  all  the  theories 
so  far  made  known  as  to  the  curves  of  the  Parthenon  had  made  their 
appearance  and  had  been  advanced  without  this  important  knowledge. 
Kot  only  that;  when  Mr.  Peiioelhorne  did  publish,  it  was  in  a  book  ou 
The  Optics  and  Geometry  of  Ancient  Architecture,  which  costs  a  large 
sum  ($33),  and  which,  being  a  specialist  book  devoted  to  Ureek  archi- 
tecture, has  apparently  so  far  not  come  to  the  notice  of  one  single 
Egyptologist.  There  is  not  a  single  book,  guidebook  or  any  book  ulb- 
erwise  known  to  me,  which  relates  to  Egypt  which  inentions  the  curves 
at  Medinet  Habou.  I  bave  never  met  an  Egyptologist  who  knew  of 
their  existence,  and  it  appears  to  have  been  rcMCrved  for  me  to  make 
the  first  observations  and  measurements  for  curves  in  three  courts— at 
Luxor,  in  the  great  court  at  Karuak,  and  in  tbe  court  at  Edfou. 

Mr.  Pennethorne  tells  us  in  1878  that  he  did  uoti  when  in  Egypt,  give 
the  further  attention  to  the  subject  and  attach  the  imimrtance  to  it 
which  it  deserved,  but  the  temple  at  Edfou  where  1  bave  observed  the 
curves  was  not  cleared  out  till  twenty-seven  years  after  Peunethoroe 
was  in  Egypt.  Down  to  18G0  this  temple  was  covered  by  an  Egyptiau 
village.  The  courts  of  Luxor  were  not  cleiired  out  till  1891,  the  year 
when  I  was  in  Egypt,  and  no  one  conld  have  previously  made  measure- 
ments there.  As  for  the  court  of  Karnak,  it  is  still  buried  in  rubbish 
and  observations  can  o'Jy  l>6  made  iu  an  imperfect,  but  I  thiuk 
convincing,  way  on  the  hnes  of  the  architrave. 

It  is.  however,  a  most  significant  thing  that  tbe  curves  at  Medinet 
Habou  are  generally  unknown  in  1895  to  the  world  of  science  and  of 
travel.  They  amount  on  tbe  short  side  of  the  court  to  8  inches  detlec- 
tiou  in  tbe  architrave  in  a  length  of  80  feet  9  inches,  and,  on  the  Iodk 
side,  to  4J  inches  in  a  length  of  104  feet  9  inches.  Tbeycau  be  sighted 
on  the  roofs  of  tbe  portico  with  the  greatest  ease  and  are  most  posi- 
tively wholly  constructive  and  not  accidental,  as  already  shown  by 
Pennetborne.  And  yet  I  am  acquainted  with  at  least  one  very  sharp- 
sighted  architectural  exiiert  who  has  been  in  this  court  without  uoting 
tbe  curves  and  I  am  acquainted  with  many  travelers  who  have  not 
noticed  them.  Is  it  not,  then,  clear  that  all  these  persons  bavedis- 
ooonted  tbe  effect  of  tbe  curvet    What  this  effect  is  for  standpoints 
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nearly  opposite  the  center  of  any  one  side  for  tlkat  given  side  ia  indi- 
cated by  one  of  Mr.  John  W.  McKeckoie'a  drawings  herewith.  This 
gentleman  is  an  expert  and  instructor  in  perspective  and  the  reader  may 
be  assnred  that  there  are  no  unceitaiii  theories  whatever  involved  in 
this  pictnre,  Kemember,  we  are  not  debating  whether  the  Egyptian 
architect  intended  this  effect.  We  »re  not  even  debating  at  this  moment 
whether  the  construction  is  accidental.  We  are  concerned  with  the 
actual  optical  eO'ect  of  the  given  phenomenon.  All  architectural  lines 
which  are  curved  in  horizontal  planes,  convex  to  the  position  of  the 
spectAtore,  produce  the  elTect  of  cnrves  in  elevation,  as  shown  by  the 
diagram.  At  an  angle  of  45  degrees,  8  inches  curve  in  plan  gives  an 
effect  of  8  inches  curve  in  elevation.  Inside  the  angle  of  45  degrees, 
the  apparent  height  increases  rapidly  and  is  something  enormous  on 
near  approach,  according  to  the  dictuOLof  another  expert  in  perspec- 
tive. In  order  to  relate  our  text  to  the  diagram  we  are  speaking  of 
points  of  vision  opposite  or  nearly  opposite  the  center  of  any  one  side 
of  the  court.  In  sucb  a  iK>sition  the  natural  downward  direction  of  the 
architrave  in  perspective  is  exaggerated  by  two  causes — first,  there  is 
the  exaggeration  in  height  at  the  center;  second,  the  receding  line  of 
the  convex  curve  gives  the  efiect  of  an  extra  downward  bend  to  the  line, 
as  shown  by  the  bird's-eye  view. 

There  is  a  similar  result  from  other  points  of  view,  possibly  compli- 
cated by  optical  mystifications  dne  to  the  contradiction  between  effects 
of  natural  i)erspeclure  and  the  effects  of  artificial  arrangement.  The 
grand  fact  remains  that  a  convex  curve  of  8  inches  in  84  feet  in  the 
architraves  at  Medinet  Uabou  has  passed  wholly  unnoticed  by  an  enor- 
mous nniuber  of  ntodern  travelers,  and  that  it  is  wholly  unknown  to 
Egyptologists  as  far  as  I  am  aware.  1  should  be  able  to  name  several 
such,  and  the  absence  of  literary  mention  in  books  on  Egypt,  which  nre 
generally  so  qnick  to  point  to  connections  with  Greece  where  they  are 
obvious,  is  something  phenomenal.  I  will  not  say  at  present  that  the 
Egyi)tian  builder  intended  an  opticiil  illusion,  but  I  will  definitely  say 
that  he  did  produce  one.  Certainly  not  one  man  can  gainsay  me  who 
has  been  in  this  court  without  pc:  eeiving  the  curves,  an<l  among  those 
men  is  the  leading  perspective  expert  of  this  country. 

IV. 

All  these  explanations  seem  to  me  of  value  as  helping  us  to  under- 
stand why  the  convex  curves  in  the  architraves  of  the  Maison  Carrie 
at  Nimes  were  not  measured  or  noticed  as  in  construction  till  the  year 
189J,  when  I  had  the  pleasure  of  making  this  discovery.  We  under- 
stand, for  instance,  that  scholars  had  studied  and  measured  the  Par- 
thenon for  all  the  years  between  1756  and  1837  before  its  curves  were 
noticed,  and  we  understand  that  the  existence  of  curves  in  plan  in 
ancient  architecture  had  been  wholly  overlooked,  aa  distinct  from  the 
existence  of  curves  in  elevation. 

JSo  doubt  an  occasional  student  or  observer  has  noticed  these  curves 
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ill  the  Maison  Carrie  and  set  them  down  to  the  score  of  masonry  dis- 
placement, 11  fact  so  common  in  old  buildings  tliat  the  first  thought  of 
every  architect  aiid  builder  would  uatunilly  be  that  the  timbers  of  the 
roof  had  thrust  out  the  cornice  and  that  the  curve  was  not  in  the 
orig^inal  construction.  This  is  why  I  took  pains  to  arm  myself,  when  at 
Ninies,  with  certificates  from  tlie  official  architect  of  the  city  and  from 
his  predecessor  in  office,  the  latter  being  especially  familiar  with  the 
roof  and  upper  masonry  of  the  Maiaon  Carrie,  to  the  effect  that  these 
curves  are  in  the  masonry  construction,  although  these  gentlemen  had 
not  previously  observed  the  fact. 
Herewith  are  the  certificates; 

"The  undersigned,  Eugene  Chambaad,  ex-architect  of  the  city  of 
Kimes,  after  examining  the  carved  lines  of  the  Maison  Carrf^e  with  Mr. 
Goodyear,  Las  verified  the  existence  of  tliese  curves  as  being  in  the  said 
construction,  witli  the  proviso  that  the  curve  on  the  east  flank  has  been 
exaggerated  by  a  thrust  of  the  roof  timbers^  but  also  veritying  the  fact 
tliat  there  Las  also  been  acurve  on  this  side  in  the  original  construction, 
considering  that  the  line  of  bases  in  the  engaged  colnmns  is  carved  on 
this  side  as  it  is  on  the  other,  and  that  there  has  been  no  thrust  here; 
cousi<lering  alt^o  that  the  movement  (owing  to  thrust)  is  far  from  hav- 
ing been  sufQciently  great  to  produce  the  curve  of  the  cornice.  He  con- 
siders the  theories  of  Mr.  GocwJyear  regarding  the  perspective  effects  of 
tlie  curves  as  a  reasonable  one,  and  remarks  that  the  theory  rcganling 
the  perspective  effect  of  a  convex  carve  is  new  but  possible.  Be  has 
observed  with  bim  that  the  variations  of  iutercolnmnar  spacing  on  three 
sides  of  the  monument  would  undoubtedly  have  a  perspective  effect, 
according  to  Mr.  Goodyear's  ideas.  The  Joints  of  the  cornice  on  the 
west  side  wliere  there  is  a  curve  of  11 J  centimeters,  as  measured  by  Mr. 
(Goodyear,  are  intact  with  one  exception,  which  is  not  important  for  the 
question  of  the  curve.  "E,  Chahbaud. 

"NiMEs,  February  33,  1891." 

"  Februaey  20, 1891. 

"The  measures  herewith  have  been  taken  with  the  assistance  of  Mr, 
Augi^re,  architect  of  the  city  of  Nimes.  He  witnesses  to  having 
observed  the  curves  witb  Mr.  Goodyear,  and  he  verifies  the  fact  that 
there  has  been  no  tbnist  in  the  cornice  of  the  west  fiauk.  As  professor 
of  perspective  he  wishes  to  say  that  he  considers  the  theory  of  Mr. 
Goodyear  regarding  the  perspective  effect  of  a  convex  curve  in  plan 
new  but  reasonable.  As  to  the  effect  of  a  concave  carve  in  plan  it  ia 
familiar  to  experts  in  perspective.  "A.  AuorftEE." 

I  must  add  that  on  one  side  of  the  Maison  Carrie  the  curve  has  been 
exaggerat€<l  by  a  subsequent  movement  of  the  masonry,  and  that  on 
this  account  1  confined  myself  in  measurements  for  the  cornice  to  that 
side  where  the  masonry  is  in  thoroughly  good  condition.  For  measat- 
ing  the  cornice  curve  I  employed  tin  roofers,  who  scaled  the  building 
by  ropes  and  dropped  a  plumb  line  to  the  pavement  below.  The  curves 
of  the  cornice,  wholly  due  to  masonry  construction,  are  in  Iiori7x>nta] 
planes  convex  to  the  position  of  the  spectator,  and  measure  about  5 
'chea. 
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I  also  made  measnremeutB  on  the  line  of  tbe  sty tobate  wbich  show 
slight  corresponding  carves  in  the  line  of  tlie  temple  wall,  and  of  its 
eDf^ageil  columns  along  the  plinth  line.  I  have  no  hesitation  in  saying 
tbp.t  even  on  the  line  of  bases  of  the  engaged  columns  resting  on  tbe 
8tylobat«  there  are  slight  convex  curves  in  both  temple  walls  on  the  long 
sides.  It  is  also  certain  that  the  great  increase  of  thecnrve  above  was 
obtained  by  leaning  out  the  walls  and  engaged  columns  at  the  center. 

It  now  remains  to  sa;  what  is  the  importauce  of  this  observation  on 
the  Maison  Carrie:  First,  it  overthrows  the  presumption  of  scholars 
that  the  Greelt  curves  were  unknown  to  tbe  time  of  the  Itomau  Empire, 
whose  taste  has  been  so  far  considered  too  coarse  for  this  retinement. 
This  observation,  therefore,  carries  the  history  of  the  Greek  corves  from 
the  time  of  the  fifth  century  before 
Christ,  down  to  the  time  of  the 
secood  centnry  after  Christ.  It 
extends  the  life  of  this  Greek  re- 
finement seven  centnries  lat«r  than 
as  previously  known.  Second,  it 
reopens  tbe  qnestion  as  to  tbe  pur- 
pose of  the  Greek  corves.  The 
explanations  which  have  been  pre- 
viously offered  must  be  revised  or 
supplemented  to  some  extent,  be- 
cause tbe  explanations  previously 
ofTered  have  referred  to  carves  in 
elevation  and  not  to  curves  in 
plan. 

This  brings  as  back  to  the  ex- 
plaoatious  so  far   offered   for  the 

Greek  curves.  We  have  seen  that  „?,V'J!!^iy  «r.igr"ThJ' 
the  German  architect  Hoffer  was  immtKiB'Kiraight.huiis.m 
the  first  to  announce  the  Parthenon  J"  "'"'''^'J'"/'" ''''''™"'' "' 
curves  in  publication.  This  was  in  ■Ddparaiki 
183S.  Hoffer's explanation  wastliat  >"-"  Th-r-^h.  OK,-k-  T..,.h.,n, 
the  corves  of  tbe  upper  lines  were 

intended  to  accent  and  exaggerate  tbe  effects  of  curvilinear  j)er8iM!(i- 
tive  and  thus  give  increased  dimensions  to  the  building  when  seen  from 
a  x>oint  of  view  facing  the  center  of  either  side,  but  lie  altio  consideretl 
them  as  giving  life  and  beauty  to  the  building,  and  as  superior  to  tbe 
more  monotonous  and  colder  elTeets  of  inatbematicnlly  straight  linos. 
This  latter  view  is  tbe  one  which  has  mainly  figured  in  tbe  standani 
cooipendinms  of  the  Germans;  for  instance,  in  those  of  Kugler. 
Scbnaase,  and  of  Jacob  Burckbardt.  It  has  not  beeii  iibandoncd  by 
the  publication  of  Thiersch,'  whose  essay  is  tbe  only  contribution  to  the 
optical  and  mathematical  questions  involved,  aside  fiotu  tltose  of  Pen- 
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rose  and  Pennetborue.  Thiersch,  hotrever,  in  the  main  acceutK  and 
develops  the  point  of  view  ot' Penrose.  The  views  of  the  latter  as  to  the 
theory  of  the  curves  have  oatarally  been  most  famihar  to  Hnglish  and 
American  students,  and  as  his  measurement  are  our  only  authority  Jor 
the  facts,  his  theories  have  naturally  been  generally  accepted  hy  his 
English  and  Americau  readers.  The  explanation  uf  Penrose  moves 
from  the  accepted  fact  that  there  is  a  tendency  to  optical  downward 
deflection  in  the  straight  line  of  an  entablature  helow  the  angle  of  a 
gable  or  pediment.  It  is  his  theory  that  these  liues  of  the  entablatnre 
were  aceordingly  curved  upward  in  order  to  counteract  this  defection. 
As  to  the  curves  of  the  flanks,  Penrose  regards  them  as  a  consequence 
incident  originally  on  the  methods  pnrsaed  for  the  entablatures  under 
the  pediments,  and  then  adds: 

"  We  may  attribute  the  use  of  this  refinement  to  the  feeling  of  a 
greater  appearance  of  strength  imparted  by  it,  to  the  appreciation  of 
beauty  inherent  in  a  curved  line  and  to  the  experience  of  a  want  of 
harmony  between  the  convex  stylobates  and  architraves  of  the  front 
and  the  straight  lines  used  in  the  flanks  of  the  earliest  temples.  And 
further,  if  we  may  suppose  the  flrst  examples  of  its  application  on  the 
flanks  to  have  occurred  in  situations  like  those  in  which  the  two 
temples  above  mentioned  (viz:  the  Parthenon  and  Olympian  Jupiter 
Temple)  are  built,  the  presence  of  a  delicate,  but  not  inappreciable 
curve  in  what  may  he  considered  as  Nature^s  great  and  only  horizon- 
tal line  may  possibly  have  combined  with  other  causes  to  have  sug- 
gested its  use." ' 

Although  Penrose  is  distinctly  of  the  viewj  that  the  hardnesH  and 
dryness  of  modern  copies  of  Greek  architecture  are  doe  to  the  absence 
of  these  refinements,  his  efibrt  is  in  each  case  of  the  various  refinements 
quoted  at  the  opening  of  this  paper  to  look  for  an  optical  correction  as 
distinct  from  an  optical  illusion;  and  yet  for  the  most  important  curves 
of  all,  viz,  those  of  the  long  sides  of  the  temple,  he  does  not  even  sugf- 
gest  that  an  optical  correction  was  needed. 

We  come  finally  to  the  views  of  Boutmy,  Pbilosophie  de  1' Architec- 
ture en  Gr^ce,  1870,  who  returns  to  and  revives  the  idea  of  Hofl'er  of  a 
perspective  illusion,  but  still  confining  his  explanation  to  an  effect  from 
one  point  of  view,  viz,  that  opposite  to  the  center  of  the  sides  or  ends 
of  a  temple. 

Now,  the  importance  of  the  observation  of  curves  in  the  Maison 
Carree  is  that  they  were  not  applied  to  the  pediments  at  all,  but  exclu- 
sively to  the  sides.  The  theory  of  an  optical  correction  is  therefore 
insufficient,  and  the  theory  of  a  perspective  illusion  appears  to  be  the 
only  one  left  us;  but  this  theory  has  never  previously  been  annonnced 
as  an  explanation  for  the  construction  of  .curves  in  plan  convex  to  the 
point  of  vision.  It  is,  however,  clear  that  nil  curves  in  plan  convex  to 
the  line  of  vision  prodace  an  effect  of  curves  in  elevation.  I  am  indebted 
to  Prof.  William  B.  Ware,  of  Columbia  College,  for  the  information  that 


'  The  line  referred  to  is  that  of  the  seit  along  the  horizon. 
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at  ao  angle  of  45  degrees  a  curve  of '>inclies  ill  jilan,  when  not  perceived 
by  tUe  eye,  will  produce  an  eflect  of  S  iucbea  curve  in  elevation.  From 
all  iwints  of  view  fuither  removed  tbe  effect  will  he  less,  but  tbe  baild- 
ers  of  tbe  Maisoii  Oarree  and  of  tbe  second  court  of  Medinet  Haboa 
seem  to  Iiavo  purposed  to  make  tbis  good  by  making  tbe  curves  corre- 
spondingly heavier  to  begin  witli, 

In  tbe  Parthenon  tbe  curve  ia  under  4  inches  in  liliS  feet.  At  Medi- 
net Hatwm  tbe  heaviest  curve  la  S  inches  in  leas  than  IWJ  feet,  and  at 
Ximes  it  is  nearly  5  ittcbes  in  about  100  feet. 

To  tlie  above  pointa  we  must  now  odd  tbe  genenil  reviaion  in  the  atti- 
tude of  arcbatology  to  tbe  question  of  curves  m  ancient  architecture, 
which  is  probably  hivolved  in  my  observations  for  curves  in  plan  in  the 
courts  iit  Karnak,  at  Luxor  and  at  Edfou.  Tbe  conservatism  and  babits 
of  repetition  in  Kgyptian  art  would  under  any  circumstances  niake  it 

> < 


highly  improbable  that  the  curves  in  Egyptian  architecture  were  con- 
fined to  the  one  temple  of  Medinet  ITabou,  but  we  have  seen  that, 
owing  to  tbe  late  announcement  by  Pennethorne  (1878)  and  the  general 
oversight  by  Egyptologists  of  this  announcement,  their  existence  even 
here  is  still  generally  unknown  to  science.  A  few  words,  then,  as  to 
my  own  observations  in  Egypt.  My  trip  here  was  made  in  the  interest 
of  other  studies  and  the  subject  of  lotus  ornament  and  its  influence  on 
Greek  patterns.  My  measurements  and  observations  were  consequently 
hurried  and  imperfect.  Still,  here  are  the  facts.  Although  the  great 
court  at  Karnak  is  so  filled  with  rubbish  that  one  can  climb  in  several 
places  to  the  top  of  tbe  architraves,  I  am  able  to  announce,  as  far  as 
these  architraves  are  concerned,  that  curves  convex  to  the  court  are 
visible.  At  Luxor  tbe  columns  of  tbe  largest  court  on  two  sides  hr 
leaned  forward  so  far  as  to  tbreateu  downfall  and  have  been  shorec' 
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accordingly  by  beams  duriug  and  since  the  excavations  not  qaite  com- 
pleted in  1891.  Measurements  takon  byine  in  all  three  conrts  at  Lnxor 
show  <;nrves  in  all  lines  of  columns  at  the  bases,  nil  convex  to  the  cen- 
ters of  the  courts,  varying  from  1  j  to  7  inches.  It  is  clear  at  Medinet 
Habon  that  the  lower  curves  in  the  lines  of  the  basis  and  in  the  lines 
of  columns  near  the  bases  were  comparatively  slight  and  that  the  curve 
was  obtained  in  the  architrave  and  cornice  (as  it  was  at  Nimes]  by 
leaning  forward  the  center  colamns.  This  would  explain  the  movement 
of  the  masonry  which  has  required  the  columns  at  Lnxor  to  be  shored 
up  by  timbers. 

All  earthquakes  and  other  forces  tending  to  disintegrate  these  bnild- 
ingx,  SQcli  as  pulling  down  and  destroying  the  accessible  parts  of  the 
temple,  would  t«nd  to  exaggerate  the  lean  of  the  center  columns  and 
bring  about  the  threatened  downfall  now  imminent  at  Luxor.  My 
observations  at  Edfou  point  the  same  way.     On  all  four  sides  of  the 


court  1  have  measured  curves  in  the  line  of  the  bases  of  1^  inches  on 
each  side  of  the  court.  Very  heavy  cnrves — of  10  inches  in  one  case — 
appear  in  the  cornice  lines,  but  the  cornices  have  moved  forward  and 
the  original  lean  of  the  center  columns  has  been  exaggerated  by  acci- 
dental tipping.  The  joints  of  the  columns  have  parted  at  the  rear,  and 
it  will  require  careful  examination  and  survey  at  Edfou  to  show  how 
much  of  tlie  upjier  curve  is  due  to  movement  of  the  masonry  and 
how  much  is  due  to  construction.  One  main  fact  remains  to  be  men- 
tioned for  Egyptian  temples.  Although  their  curves  have  so  far  been 
utterly  ignored  and  neglected,  excepting  by  Penuethorne  and  myself,' 
the  existence  of  other  perspective  illusions  is  admitted  for  Egyptian 
temples  by  Egyptological  experts. 

It  is  noted  by  a  number  of  authors  that  the  temples  were  generally 
built  with  pavements  rising  toward  the  sanctuary  and  with  roofs  grad- 

'  I  must  loaku  an  exception  for  Prof.  All:ni  Marquand,  of  Pridci'toii,  wbo  has  briefl; 
noticcil  in  tlie  American  Journal  of  Archieology  the  discovery  of  Fennetbonie  *t 
ledinet  Habou. 
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oally  towered  in  the  aame  directioo,  and  that  this  was  ( 
fipective  illusion.    Maspero  is  oue  of  the  authorities  who  u 
Mentions  are  also  made  of  this  by  Uawliitson  and  by  Prof,  i 
Stuart  Poole. 

V. 

Although  these  various  observations  point  to  a  perspective  purpose  '^ 
in  the  Egyptian  and  Greek  curves,  I  do  not  wish  to  appear  to  antagonize 
the  view  that  optical  refinements  were  used  in  Greek  arcliitectui'e  to 
correct  optical  illusious,  for  I  believe  that  they  may  have  l)een  so  used; 
but  I  wish  to  point  out  that  the  theories  whicli  are  couflned  to  correc- 
tion are  insufflcieut  to  meet  all  the  facts,  and  that  tlie  theories  which 
have  considered  the  creation  of  optical  illusions  to  have  been  one 
purpose  of  the  refinements  are  now  materisilly  strengthened. 

The  existence  of  a  temple  at  Ninies  having  curvfs  on  the  flanks 
without  having  them  in  the  entablature  of  the  |)e<liuieuts  tends  to 
antagonize  the  view  of  Penrose  that  the  correction  of  a  downward 
optical  deflection  below  the  pediment  was  the  first  cause  of  the  intro- 
duction of  the  curves  in  Greek  architecture.  The  temple  of  Neptune 
at  Paestum  is  quoted  by  Penrose,  in  support  of  his  view,  as  having 
only  curves  nnder  the  petlimcuts,  but  strange  to  say,  this  temple  at 
Paestum  has  been  subsequently  announced  by  Jacob  Hun-khardt  to 
ba%-e  convex  curves  on  its  flanks  in  horizontal  pUues. '  This  observa- 
tion is  also  quoted  by  Thiersch.  Thus  I  close  my  pajier  by  pointing 
out  that  we  have  at  Paestum  one  ancient  <.ireek  precedent  for  the 
curves  in  plan  at  Nimes,  and  that  both  i>oint  to  Egyi)tian  influence. 
The  city  of  Nimes  was  settled  by  a  colony  of  Alexandrian  Greeks  from 
Egypt.  It  appears  therefore  probable  that  the  curves  in  Greece  were 
derived  from  Egypt  and  had  the  same  purpose,  but  that  the  curves  in 
the  Egyptian  courts  were  generally  changed  to  curves  in  vertical  planes 
by  Greek  art.  This  was  a  more  rcfine<I  esi>edient  for  attaining  the 
same  end,  less  conspicuous  in  buildings  using  colonnades  for  exterior 
port.icoes  as  distinct  from  buildings  nsing  colonnades  for  the  int^^riors 
of  courts.  It  is  comparatively  easy  to  sight  for  a  bulging  curve  on  the 
exterior  of  a  building,  but  more  diflicnlt  to  sight  for  it  in  the  interior 
of  a  court.  I  was  not  able,  for  instance,  to  sight  fur  the  curve  at 
Medinet  Habon  without  going  on  the  roof  of  the  jtortico,  but  at  Sinies 
I  was  able  instantly  to  sight  for  the  bulge  on  tlic  long  sides  from  the 
level  of  the  street.  Those  factn,  therefore,  coincide  with  the  view  that 
the  general  puriwse  of  the  curves  in  Greek  art  was  connected  with  the 
wish  to  have  them  inconspicuous,  and  that  the  curves  at  Nimes  repre- 
sent either  a  direct  influence  from  Egyi)t  or  the  coarser  taste  of  the 
Roman  period.  On  the  other  hand,  the  flank  curves  of  the  No{>tune 
temple  of  Paestum,  which  is  a  very  early  Greek  building,  will  represent 
the  period  of  direct  Egyptian  transmission  to  Greece 
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accordingly^  S  led  that  Vitruvins  drew  liia  matter  from  earlier 
pleted  ip'^'  '^      m  orks  have  perished,  aud  that  be  did  not  always 

show  i^  S  ^  ^tsi&  of  bis  sources.    I  have  omitted  any  argo- 

ters^  5' tt-o  2  ection  that  the  stylobate  carves  are  to  prevent 
W  c;  ?'  ^  -*  l"  (i.  e.,  downward  deflectiou)  at  the  center  of 
/  '  modem  author  who  has  attem[>ted  to  ei|>lain 

',  theories  is  Thiersch.  This  author  ^vea  his 
at  a  sitectator  standing  near  an  angle  of  the 
»ujiuuHte  and  below  the  level  of  its  platform  might  experience  sn 
optical  effect  of  downward  deflection  in  the  lines  of  the  stylobate  which 
an  upward  curve  would  correct,  but  iuasinuch  as  a  bulging  curve  in 
plan  could  not  correct  this  effect  for  the  standpoint  near  the  angle,  I 
have  not  considered  hts  theory  in  this  paper,  and  1  only  mention  it  as 
giving  one  more  illustration  of  the  new  light  thrown  on  the  Greek 
refinements  by  the  discovery  of  curves  in  horizontal  planes.  There  are 
very  valuable  remarks  in  Boutmy's  work  as  to  the  general  unreliability 
of  Vitruvius  for  a  compreheusiou  of  the  Greek  curves,  and  one  purpose 
of  this  paper  is  to  accent  the  value  of  Boutmy's  contribution  to  the 
philosophy  of  Greek  architecture.  His  work  also  contains  quotation-t 
from  Greek  authors  on  the  optics  of  architecture,  showiny  that  inten- 
tional optical  illusions  and  intentional  optical  corrections  were  alike 
familiar  to  them. 

There  is  one  thing  more  to  be  said  before  I  close.  The  cre^lit  for  the 
original  suggestion  that  there  is  a  historic  connection  between  the 
Greek  curves  and  those  of  Medinet  Habou  belongs  to  Mr.  Pennethorne, 
as  does  the  credit  for  both  discoveries.  The  wholly  original  part  of 
this  pa|>er  as  regards  historic  facts  is  that  which  [loints  to  the  fact  that 
two  classic  bnilding^A — one  early  Greek  at  Pacstnm  and  one  late  Boman 
at  Kimes — show  convex  curves  in  plan  which  are  identical  in  character 
with  the  curves  in  Egypt.  The  wholly  original  part  of  this  pa])er  n^ 
regards  observations  is  that  which  relates  to  Nimes,  Karoak,  Luxor, 
and  Edfuu.  The  wholly  original  part  of  this  paper  as  regards  the 
effect  of  the  Greek  horizontal  curves  is  that  which  shows  the  optical 
results  in  actual  historic  buildings  of  convex  curves  in  horizontal 
planes.  I  am  willing  to  leave  the  question  of  purpose  to  the  expert 
aud  to  the  general  reader. 
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By  Sir  Henry  Howobth,  K.  C.  I.  K.,  I).  C.  L.,  JI.  I'.,  F.  It.  S.,  F.  S.  A. 


I  should  forfeit yonr  good  opiniooof  meif  I  did  notvonfeBS  tofeelinff 
embarrassed  by  tlie  position  in  which,  by  yoar  favor,  I  And  myself.  The 
honor  and  distimitioii  of  filling  a  chair  which  has  been  occupied  -by  so 
many  better  men  tiian  myself  is  qualilied  with  every  doubt  and'dtffi- 
culty.  When  I  look  rnnud  this  room  I  see  before  me  not  only  those 
gifted  with  greater  knowledge  than  I  |M)a8e»8,  but  whohave  had  greater 
opportunities,  and  have  not  hiul  the  work  which  they  love  continually 
interfered  with  by  manifold  cares  and  duties.  You  will  accept  this  as 
my  aimlogy  for  ttie disinterested  and  elementary  remarka  which  I  shall 
ira)>ose  upon  yon. 

In  selecting  a  subject  on  which  to  address  you  I  have  felt  it  would 
not  be  i)rodtable  or  interesting  to  merely  index  the  progre-ss  of  arche- 
ology during  the  last  twelve  months,  nor  to  condense  the  county  his- 
tory of  Shropshire  into  a  nei;essarily  dry  and  compressed  guide  to  local 
antiquities  which  you  must  know  better  than  I  can  know.  I  have 
thought  it  more  profitable  to  devote  a  little  time  to  considering  some  of 
the  methods  of  archicological  research,  as  they  have  been  enlarged  and 
developed  in  late  years,  and  to  condenaing  some  of  the  more  general 
coDcluKions  that  have  been  reai^hed,  and  more  especially  to  illustrate 
them  from  my  own  desultory  studies. 

The  Arcli.eological  Institute  has  always  been  a  moat  catholic  mother. 
In  her  ample  lap  she  has  welcomed  every  kind  of  fruit  which  the 
cornucopia  of  research  has  poured  out  to  itlustrato  the  drama  of  human 
lite.  Her  aim  and  object  have  been,  as  far  as  possible,  to  give  a  picture 
of  the  sometimes  gay  and  sometimes  gloomy  pro(;essioD  wbich  oar  race 
has  tbrmed  as  it  has  tramjied  along  the  avenues  of  time  from  the  land 
of  mist  and  clond  to  the  land  of  darkness.  Kvery  fact,  however  recorded, 
whether  preservol  in  words  or  graven  in  the  universal  language 
with  which  the  ruins  of  art  are  enshrined,  has  been  welcome.  It  has 
ta:ight  the  lesson  that  history  meiins  something  more  than  philosophy 
teaching  by  examples;  it  means  painting  the  pictures  of  the  past,  and 
piecing  togetlier  the  broken  pieces  which  have  escaped  its  heavy  foot 

'Aildrew  rtulivered  (»h  prpsident)  at  the  ShrewRbnry  meeting  of  the  Archeeotogicsl 
Institute,  July 21, 1891,  Bud  printed  jn The  Aatitjnujr,  Loodon,  Septembet,  1894. 
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into  a  mosaic,  in  which  we  may  see  how  our  fathers  lived,  as  well  as 
what  their  aims  aud  ideals  were;  bow  fur  they  bad  progressed  in  mak- 
ing life  tolerable  and  decorating  it  with  sunshine,  as  well  as  uiiriddling 
the  meaning  of  the  terribly  tragic  chapters  in  which  we  rea<l  how 
mighty  empires,  in  which  greatness  and  glorj-  were  combined,  and  in 
which  prosperity  seemed  anchored  as  lirmly  as  one  of  the  brave  oaks 
of  your  own  country,  were  leveled  to  the  ground,  their  ]>eople  slaagh- 
tered  and  destroyed,  their  palaces  and  temples  reduced  to  dust,  and 
their  fertile  tiel<I»  once  more  occupied  by  the  pelican  and  the  jackal. 
It  was  once  the  custom  to  despise  some  of  these  lessous.  The  antiquary' 
was  a  connoisseur,  whose  studies  were  dominated  by  taste  and  not  by 
knowledge.  To  admire,  to  study,  and  to  review  the  maaterpteces  of 
Greek  art;  to  do  the  same  with  the  masterpieces  of  the  ItaUan  renais- 
sance— these  were  bis  aims,  Phidias  and  Michael  Angelo  his  ideals.  It 
was  only  when  the  tide  was  flowing  highest  that  it  was  deemed  profit- 
able to  study  it.  Hence  why  the  collection  and  the  miiseoms  gathered 
in  former  centuries  are  so  wanting  in  historic  value.  They  represent 
the  phases  of  taste  as  applied  to  the  acts  of  other  days,  and  the  various 
measures  and  standards  which  this  change  of  taste  has  created,  some- 
times inspired  by  natui'e  alone,  and  sometimes  by  nature  bewigged  and 
bepowdere^l-  We  have  advanced  from  this  position.  We  have  learned 
that  the  ebb  as  well  as  the  flow  of  the  tide  is  of  supreme  interest  to  us, 
perhaps  of  even  more  interest.  Hence,  while  we  admire  and  rejoice  in 
some  masterpiece  like  the  Hermes  of  Praxiteles,  we  are  constrained  to 
devote  a  corresponding  study  to  the  rude  bas-reliefs  itom  the  temples 
of  t^opan,  and  the  ruder  and  more  homely  products  of  the  old  stone  men. 

We  can  scarcely  realize  that  hardly  »  generation  has  gone  by  when, 
at  the  British  Museum,  it  was  the  fashion  to  admit  only  classical  antiq- 
uities as  worthy  of  collection,  and  that  the  priceless  treasures  dug  up 
by  Faussett  and  Holfe  wore  treated  as  rubbish,  unworthy  of  a  place 
in  that  sanctuary  of  the  arts,  and  had  to  seek  a  home  in  a  provincial 
museum.  Fifty  years  ago  a  man  who  had  devoted  his  time,  his  purse, 
and  his  knowledge  to  creating  a  worthy  department  of  British  antiqui- 
ties would  not  have  been  rewarded  with  the  Order  of  the  Bath,  bnt 
would  have  been  treated  by  the  students  of  so-called  high  art  as  a  bar- 
barian and  a  phiUistiiie,  lit  only  to  consort  with  people  like  you  and 
me.  We  have  changed  ail  this,  but  its  mischievous  results  still  remain. 
Jf  we  go  to  the  British  Museum  we  shall  find  the  noblest  collection  of 
Greek  art  in  the  world.  Taken  altogether  it  is  quite  unapproachable, 
thank.s  to  the  labor,  the  zeal,  and  the  taste  of  many  good  men,  and  nota- 
bly of  the  late  and  the  present  curators  of  that  department.  But  when 
we  turn  to  Itome — Rome,  the  mother  of  modern  Europe;  Borne,  the 
Britain  of  old  days,  the  great  type  of  practical  good  sense  in  govern- 
ment; the  Koine  who^e  roads  and  bridges,  whose  colonies  aud  towns, 
*^'hoso  laws  and  municipal  institutions  are  only  rivaled  by  our  own,  and 

lich  ruled  the  world  for  a  thousand  years  aud  moi-e-^where  ate  we  to 
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look  for  au  adequate  picture  of  the  life  lier  citizens  led  and  of  the  vast 
colonial  dependencies  she  controlledT  We  have  a  few  busts;  we  have 
a  room  devoted  to  the  antiquities  of  Komaii  Britain,  and  then  we  fliul 
the  mistress  of  many  legions  and  the  mother  of  us  all  treated  every- 
where as  a  sort  of  Cinderella  to  her  more  favored  sister  of  (Ireeee,  a 
mere  outhouse  and  barn  attached  to  a  Greek  pal»ce.  Our  contention 
is  that  there  ought  to  be  iu  our  {{reat  museum,  if  not  a  special  depart- 
meDt  of  Boman  antiqnities,at  least  special  room  devoted  to  them  worthy 
of  thefameof  Kome  aod  of  its  importance  in  human  history.  For  many 
of  ns  who  love  art,  but  also  love  history,  it  is  quite  as  ini|>ortant  to 
know  what  were  the  snrroundings  of  Tiberins  and  of  Marcus  Aureliua 
as  of  Pericles  and  Alexander  the  Great.  What  is  true  of  the  earlier 
Borne  is  much  more  true  of  Byzantine  Rome,  the  Kome  of  the  Mosque 
of  St.  Sophia,  the  Borne  which  inspired  St.  Mark's  at  Venice  and  the 
glorious  buildings  at  Ravenna  and  Hpoletro,  which  shook  hands  with 
the  East,  and  by  this  means  wedde<1  fresh  ideas  to  those  which  were 
becoming  stagnant.  Because  Gibbon  entitled  his  work  the  Decline 
and  Pall  of  the  Roman  Empire,  we  have  acquired  an  entirely  mistaken 
perspective  in  regard  to  the  part  played  by  Byzantium  in  the  history 
of  art.  Byzantium  lived,  thrived,  aud  flourished  for  a  thousaud  years 
after  the  Goths  had  taken  Rome.  Sot  are  the  code  of  Justinian,  the 
histories  of  J'rocopius  and  Gonstantine,  and  the  magnificent  buildings 
dating  from  this  time  and  scattered  all  over  the  .f)gean,  figuals  of 
decay  and  decrepitude,  but  the  reverse;  and  yet  where  are  we  to  look 
for  an  adequate  collection  of  objects  to  illustrate  Byzantine  art,  its 
rich  barbaric  sarcophagi,  its  enamels,  silver  plate,  etc. 

My  object  in  naming  these  things  is  to  point  a  moral.  I  am  airaid 
the  old  Adam,  if  he  be  not  still  among  ns,  has  left  his  shadow  behind, 
and  there  remains  much  for  the  great  and  powerful  society  to  urge  and 
to  press.  Arcbfeology  is  the  study  of  history  by  its  monuments,  and 
not  a  branch  of  aesthetics.  Let  us  by  all  means  guard  our  ta^te  and 
accumulate  the  highest  and  best,  but  let  us  also  be  eclectic  and  catholic, 
and  realize  that  the  highest  and  best  of  all  phases  of  art  are  of  supreme 
value;  and,  further,  that  what  we  mean  by  history  is  not  only  the  his- 
tory of  kings  and  armies,  of  great  nobles,  and  great  philosophers  and 
of  the  arts  they  patronized,  but  also  that  of  the  crowd,  by  whose  con- 
tinnons  labor  the  world  has  been,  and  continues  to  bo,  subdued,  and 
vhose  homely  and  prosaic  surroundings  have  a  dramatic  interest  of 
their  own.  If  this  be  one  great  lesson  which  tlie  wider  horizon  of 
modem  archEcological  study  has  tdught  us,  another  and  an  equally 
important  one  is  that  of  the  continuity  of  art.  What  Herbert  Spencer 
and  Darwin  have  pressed  upon  the  students  of  natural  liistory,  we  anti- 
quaries learned  long  before  in  regard  to  art,  namely,  that  there  are  no 
jerks  and  jumps  in  its  history,  but  a  continuous  flow,  and  not  only  a 
contioaous  flow,  but  something  more.  It  was  formerly  the  notion  that 
when  art  took  an  apparently  new  departure,  and  became  r^uvenatet 
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aAft  a  long  |>mo*l  of  stagiutioo.  it  was  a  spontaneoas  movement  from 
vKhin.  "We  uoT  know  that  in  almost  every  case  tbis  rejaveuescence 
vas due  locttn tact  with  some  new  ideas  which  caDie  in  from  tbeoutsi(l6. 
A  ■*»  siaf)  imo  the  old  tree  was  the  real  scarce  of  belter  fruit. 

Lm  ns  take  $ome  esunples.  Wheo  the  Mongols,  ^rbo  were  then 
■astefs  of  China,  conqaered  Persia,  they  imported  great  unmbers  of 
Pn:sian  workmen,  and  the  resolt  was  a  complete  change  in  the  decora 
tkm  of  Chinese  porvelain.  The  vases  made  by  the  Moors  at  Msjorca 
a»d  Yatmcia  were  probably  the  immediate  daughters  of  the  art  fabrics 
of  Egypt,  and  were  certainly  the  mothers  of  Italian  majolica.  The 
blaze  of  dowers  and  ribbons  which  suddenly  broke  out  this  year  in  the 
hata  and  bonnets  of  English  women,  without  any  apparent  motive,  can 
be  traced  to  the  influence  of  a  fitmous  city  on  the  banks  of  the  Seine, 
where  an  explanation  of  the  change  is  forthcotniDg.  The  Japanese  are 
£aud  to  have  la$t  their  eye  for  color  and  form  because  their  old  art  bae 
changed  recently  for  the  worse.  They  have  been,  in  fact,  inoculated 
with  European  taste,  as  they  have  been  flooded  with  European  prodnct& 
The  story  iii  apparently  universal.  We  see  the  river  come  out  of  its 
mountain  fountain  and  flow  down  blue  and  sparkling.  Presently  we 
find  the  color  of  its  water  change  to  milky  white,  and  realize  an  expla- 
nation whm  we  tiace  the  new  color  to  some  affluent  watering  anoth^ 
soil  which  ha«  come  and  joined  its  waters;  and  sometimes,  as  in  the 
case  of  the  Rhone  after  it  enters  Lake  Geneva,  the  milky  and  the  blue 
streams  flow  side  by  side,  as  the  new  bonnets  and  bats  of  every  fantastic 
shape  and  color  are  mingled  with  older  and  more  chaste  designs  on 
older  and  more  sensible  people.    The  great  lesson  of  all  this  is  continuit)'- 

Again,  to  take  another  illustration  from  natural  history,  a  lesson  of 
these  later  times  in  archaeology  has  been  that  of  "survival."  We  find 
nil  kind.<  of  archaic  survi\-als — in  our  speech,  in  our  fairy  stories,  iu  our 
clothes,  everj-wbere,  in  fact — crystallized  bowlders  of  older  strata  of 
human  life,  which  have  been  preserved  accidentally  in  another  matrix. 
and  to  those  who  are  willing  to  read  their  lesson,  reflecting  untnistak- 
able  features  of  nnother  time.  When  we  see  the  Italian  peasant  going 
on  pilgrimages  to  different  altars  of  Our  Lady  to  be  cured  of  difiereat 
human  ills,  are  we  not  reminded  of  the  similar  practices  iu  au  age 
when  Venus  and  her  shrines  were  scattered  over  the  same  country,  and 
each  shrine  had  its  own  Venus,  jn.'it  as  each  altar  has  it«  own  '^Lady" 
endowed  with  different  healing  i>owerKT  How  curious  it  is  to  go  to  a 
Kenniss  iu  some  old  Dutch  town,  such  as  lliddleburg,  or  Delft,  to  see 
the  women  with  their  curiously  shaped  lace  caps,  and  to  be  told  that 
it  is  quite  [Ktssible  to  distinguish  the  Roman  Catholic  families  from  the 
the  Protestant  ones,  the  distinction  in  the  caps  having  arisen  in  the 
fiercer  days  of  the  sixteenth  century.  We  may  then  examine  the  bags 
*■  curionsly  shaped  and  colored  cakes  sold  iu  the  booths,  and  see 
indabouts  and  rude  swing  boats  loaded  with  perfectly  sane  peo- 
my  of  them  (!0  or  TO  years  old;  and  then  torn  to  Tenier's  great 
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pictures  at  AiDSterdam,  and  see  precisely  the  same  cakes  and  the  same 
rouBilaboDts  figured  there!  Are  not  the  wooden  honses  colored  with 
red  ocber  which  dot  the  Ohrisenier  the  very  same  as  were  introduced 
by  the  Dutch  there  in  the  grand  old  days  of  the  Norwegian  herring 
ilsbing  in  the  seventh  centnryl  Are  not  the  bull  fights  in  Spain  direct 
survivals  of  the  exhibitions  in  the  circus,  no  doubt  introduced  every- 
where by  the  KouianS,  just  as  Spain  was  the  most  essentially  Roman 
of  all  the  colonies  I 

Have  we  notour  own  fossil  customs  everywhere!  The  aldermen  and 
the  common  councilors  of  London  when  decked  in  their  state  robes 
might  be  living  iu  the  Plantagenet  times,  and  the  beefeaters  in  the 
time  of  Henry  VIII.  The  two  ridiculous  buttons  at  the  back  of  our 
coatH  and  the  bauds  we  barristers  wear  are  useless  relics  of  once  uaefVil 
garments,  the  oue  dating  from  the  time  when  there  was  necessity  for 
butttming  back  the  flaps  of  the  long  coats  wlien  George  III  was  king 
and  the  other  remains  of  the  long  collars  of  King  James's  time.  Are 
not  our  judges'  wigs  directly  traceable  to  the  baldness  of  Louis  XlVf 
These  useless  things,  like  the  many  useless  and  monstrous  and  offensive 
adjectives  used  by  cabmen  and  sometimes  by  schoolboys,  are  mere  sur- 
vivals of  things  once  usefully  pnt  on.  The  games  played  by  the  school 
children  in  the  gutter  preserve  the  ritual  of  primeval  worship  and  the 
social  customs  of  primeval  times.  Hence,  as  I  have  always  urged,  it 
becomes  important  and  interesting  not  only  to  trace  the  origin  of  things, 
but  also  their  final  departure.  Our  dictionary  makei-K  are  the'  most 
diligent  hunters  of  the  first  usage  of  words.  Would  it  not  be  wise  if 
they  were  also  to  record  the  last  use  of  the  obsolete  words,  the  dying 
flicker  of  a  living  light f  The  very  tact  we  are  referring  to  has  sometimes 
perverted  archaeological  reasoning.  Because  the  Shetland  islanders 
Btill  Hse  stone  lamps  and  cups,  it  does  uot  follow,  as  some  have  urged, 
that  a  Stone  Age  in  Britain  is  entirely  a  mistake.  It  only  means,  of 
coarse,  that  iu  remote  corners  the  very  old  art  has  lived  on,  just  as  in 
the  names  of  the  old  mountains  and  rivers  the  language  of  the  earliest 
inhabitante  has  frequently  been  preserved.  These  touches  of  poetry 
in  onr  very  prosaic  lives  are  as  much  fossil  relics  of  an  old  historical 
horizon  as  the  fossils  which  have  been  found  by  the  German  geologists 
in  the  far-traveled  limestone  bowlders  which  strew  their  country,  and 
-  belong  to  an  age  not  directly  represented  in  the  solid  strata  of  the  dis- 
trict. The  lessons  we  are  discussing  are  notably  prominent  in  the  more 
recent  works  on  philology,  in  which  loan  words  and  terms  foreign  to 
the  language  have  been  carefully  sifted  out,  and  we  have  thus  been, 
enabled  to  find  not  only  the  origin  of  many  arts  and  customs  hnt  the 
stage  and  culture  at  which  different  connected  races  had  arrived  at  the 
time  when  they  separated.  This  we  can  do  by  comparing  their  common 
names  for  homely  or  other  objects.  The  same  with  folklore,  and  the 
same  with  the  rituals  of  different  religions,  all  of  them  being  among 
the  most  conservative  institutions.    This  multiplication  of  avenues  by 
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which  to  approach  the  thoughts  smd  n-orks  of  thu  olU  meu  has  no  doabt 
made  our  inquiry  more  complicat«d  and  difficult;  but  it  ban  at  the 
same  time  matle  the  materials  almost  inexhaustible,  and  the  possibility 
of  solving  problems  once  deeuied  insoluble  much  more  hopeful. 

Let  ns  now  turn  to  some  of  the  concrete  results  which  our  more 
powerful  analysis  has  enabled  us  to  compass.  In  the  first  place,  we 
have  learned  that  it  is  a  mistake  to  confuse  art  with  race.  We  cau  not 
change  our  race — that  is  indelibly  stamped  upon  ns  by  nature.  But 
art — art  of  every  kind — including  language,  is  not  au  inheritance  from 
nature,  but  is  as  much  acquired  as  are  our  hats  and  coats.  We  learn 
all  our  arts.  Hence,  we  must  be  iierpetually  on  our  guard  against  the 
fallacy  that  because  art  has  taken  a  new  departure,  therefore  we  are  in 
the  presence  of  a  new  race. 

ArchiEology-  is  a  science  which  can  only  bo  profitably  studied  on 
inductive  methods.  Of  this  a  very  notable  proof  is  the  discussion  on 
the  **  Origin  of  man,"  a  subject  upon  which  there  was  much  specn- 
hUion  twenty-five  years  ago.  It  has  not  the  same  living  interest  for 
us  now.  I'he  fact  is  we  realize  that  materials  arc  wanting  at  present 
to  enable  us  to  carry  the  study  very  far  in  this  direction,  and  the  newly 
fledged  hopes  of  a  quarter  of  a  century  ago  have  not  frnctiflcd.  The 
origin  of  the  human  race,  so  far  as  archfeologieal  research  goes,  is  abso- 
lutely beyond  our  ken,  and  those  who  are  determined  to  reach  some 
result  in  this  direction  must  go  to  the  geologists  for  their  facts  and  for 
their  arguments.  The  moral  for  the  arcbieological  vista  is  this:  Wecan 
take  up  the  various  specialized  and  elaborated  civilizations  which  men 
have  jtroduced  and  trace  them  up  to  simpler  and  less  specialized  forms. 
We  can  separate  the  tangle  created  by  their  mutual  intluence  uiiou  eacb 
other,  and  trace  the  enormous  ehauges  due  to  the  gradual  iutroductiou 
of  new  ideas  and  new  processes,  of  new  wcaiuns  and  new  tools.  We 
can  trace  the  complicated  pedigree  until  we  reach  an  age  when  all 
men  used  very  similar  materials  and  had  very  similar  arts.  Tbe 
cramping  influence  of  having  to  use  these  often  stubborn  materiatacom- 
pelled  a  monotony  of  form  and  of  ornameut  which  is  in  itself  Uewilderiog. 
Eventually  we  reach  a  stage  where  it  is  most  difdeult  to  discriminate 
among  races  or  their  cliaracteristics  by  their  art  alone.  For  example, 
the  polished  stone  axes  left  by  the  Caribs,  those  found  in  some  parts 
of  Europe  and  those  found  in  some  parts  of  eastern  Asia,  are  almost 
indistinguishable.  Yet,  how  widely  separated  these  races  are  in  eveiy 
respect !  We  may  thus  be  only  too  easily  deceived  in  supposing  that 
.we  are  getting  nearer  to  the  solution  of  the  problem  of  the  origin  of 
man  when  our  goal  is  the  inevitiible  one,  that  with  his  primitive 
weapons  primitive  man  in  many  latitudes  was  constrained  to  surround 
himself  with  very  similar  surroundings.  A  corrective  to  this  is  very 
8i>eedily  reached  when  we  turn  to  other  fields  of  research,  such  as 
language  and  mythology,  and  physical  constitution.    We  can  trace  back 
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distance  beyond  the  occarrence  of  regular  motulii  in  tbtme  fiinliiii 
back,  ill  tact,  to  the  Sbtne  Age  ID  each. uiiliUiailarljrwitb  ibr  Bjtbufaicj. 
and  the  result  is  that,  innteai]  of  apparently  n-ai-hioiE  a  ma^A  nr.sa 
andcommno  elements  iu  tUem,  the  j:a}i  l(et«f>«-u  Iben  wraui  t»  pt 
wider  as  we  go  further  back,  until  ve  hare  to  <-uo(i-^->  that  if  rbcrc  «a* 
aconimoD  fbuDlain  to  the  variunit  stn^mn  it  miut  h^vc  b>v«a:a(#r>4 
BO  remote  that  we  have  no  material  at  [ireseut  by  whiri.  tA  trare  iW* 
to  it.  The  meu  who  wrote  the  Book  uf  tlw  l>ra<l.  ibijMe  w^«  «;«C(»  :Ae 
Epic  of  Sargon  the  First,  thotte  who  wrote  the  Vodao.  a*!  ''ni  w^ 
wrote  theCbtiiese  classics,  if  they  were  deM-ei»led,  a«  ve  '-«>l^-.«.  tnm 
common  pareuto,  most  have  been  iitoEati-d  froa  nv-.  •.'hrr  ir  »  <•■€ 
period  ill  order  to  beciMne  so  diflermiiatnl  at  •»-..  ac  *^:/  *tTt 
These  are  only  mere  samples. 

If  we  rauge  further  afiekl  we  shall  find  tbr  k*^  r-ntA  mfd  g  w 
everywhere.  It  is  said  that  among  thi-  Itt^iAz.- of  y  r'_  tail  -imi~i 
America  there  are  ninety  laogaages  spokra  w^>  -  an-  :  .-v^  .c:  r  -.* 
each  other.  The  same  problem  meetM  a*  in  tbr-  (j-v-^'ty. -i  .'^:<K-.a.  a 
lodo-Ohina,  and  elsewhere.  The  exiMmtx  at  ititi-r  ^^  j-.^^;-*  i*  *  -,^t 
petnal  warniug  to  us  to  be  careful  of  dognu'ix.:. -.  li^v  'aa  v  -Ticua 
them  except  by  iMiKtalating  a  lone  periuLdu;:.'.;  w-.^:.  'i^  la''  »«« 
gradually  diverging  from  each  otiier  f  WV  raa  c>  ;  a^a^K.—  * .  .*  '.t:uc 
byaDyscaleormeaHure.  Whenwecrmfun;  i** **'^-  »  ~i  '"w  ph  hi 
and  remember  how  long  ago  it  is  that  Irelaoi  «  mi  faJmMLi^ — «  U'-i  «>• 
compare  the  Mongol  language,  still  «[iofce:.  '>y  :^  I-^-.uC^  :  Kui^la. 
with  the  laognage  of  the  lettcn  of  tbe  yk'tt-z-  '•-  K  Jta»  vr^o-i  *•■  w 
French  kings  in  the  thirteenth  trtaXmrj.  «•-  •-  ■—  !-*:•  >  a»aMar>  iT  j« 
slowness  with  which  these  chaogeM  i»«e<.^>~  arrr-.>'.  !.'  -  uw  '^*,nk 
Biiteen  centuries  to  convert  Latin  i.'.'j»  tir  v  ..r^  •:>  i:>  nun  -»rt;piing.i 
how  long  has  it  takeu  for  tbe  diver'.'A  'if  'z«  tvr"\A  A.'7ui  itfniM  i^ 
speech  from  one  original  laagua;:e.  ai..!  .-■  «  nuta  >  a-j^?  '.<  owi  -— ai 
the  Aryan,  Semitic,  and  other  fan..:.*^  (/l...-VAi'  i.mr  k  *  ■  ww, 
motherT  The  ver^- question  i- fall  <  f  r»>=-*.' *  -  i  *■■:-■  tii*'  *— ■!.•««.  ■ 
we  are  a  long  way  from  any  ikati^faeury  *..•»—  ■.  .'.  V  if  — ■  ••n-^^f  rf" 
language  and  mythology  i*  n'-M*  'Wf'ni  >  .  i'  :-Tii-i  ■,"  — *  '  -i^ 
physical  featores  of  oar  rare — featCT'--  w  -.vi  •***.  ■-  •■  i«  •j^u*^-  j.  .- 
and  so  difficult  to  alter.  If  we  ei^  lv  • .«  -"r;  *:«r.»-.r  i:uiimi  .-^ 
tares  which  have  been  preaervwl  .z.  !!■►  z,:r~  -j*  \*  'i~r  i""  »•  ■■—  ukC 
representative8oftheva™i*»r**3«»wi>*  .  ^.^-i  -r  t—t^  !*•  ■;*-- n  «• 
Nde,aQdwesliall  find  that  i»'&«'>at&.-'>  ^  •.  ■■;•••  :«• 'i^  •' •  iim.. 
tinguishable  irom  the  tribe*  "tii  «*-mi.:.  ;  - .;  '  .••  »nf  i  ^.  ^- .  7  .*» 
Segro,  the  Xabtan.  the  i'^if  F*-._»iK*-j .  -j*-  •k^m*^.*-  l^i:.^!;.  ^ 
Palestiite  and  Arabia,  are  ti:«fe  pKXmr'*.  a»  t>  (ji»«    u>a  w'lr 

The  earliest  moaasMSiU  of  bac^V.^.^  •■  i.  j»l-  rruuruiiv   ■  #aa' 

the  various  types  of  mat  c  ll»w;«*'-»»ia>  ,-  .•  —  .*•»-:.■  — 
early  monuments  of  Chisa.  *<' lud-a,  vr  jfi^^.f.'L  Mut  ' -"•  a><  •«  S^ 
txwders  of  the  3f  editcnaMan-  *a«d  '■;^'  -r-tuati^  yf    ji-  — MiMwir*    • 
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supported  by  the  fbapes  and  contours  of  the  skulls  wliitli  Lave  been 
found  in  tbe  earliest  graves,  and  wliicb  sbow  not  merely  sporadic  vari 
at  ion,  but  variation  nil'ecting  great  classes.  All  this  assuredly  requires 
us  to  postuhitc  a  long  period  during  which  fresh  changes  vere  inciibHt- 
ing  and  were  beiag  carried  forward.  We  have  no  means  of  knowing 
how  long  this  was.  We  can  only  very  naturally  conclude  that  Rince  so 
little  change  bas  taken  place  during  the  Inst  four  thousand  years  in 
the  languages,  the  customs,  and  physical  features  of  so  nmny  ditferent 
races,  we  must  go  back  a  long  way  if  we  are  to  explain  the  diftcreiiceji 
as  tbey  exist. 

We  Jiave  no  chronology  of  any  kind  for  these  misty  regions.  Dates 
entirely  fail  na.  In  Egypt  and  in  Babylonia  anything  like  jtoBitive 
chronological  data  fail  about  2500  B.  C,  while,  as  you  know,  tbe  Bible 
dates  are,  before  a  certain  period,  not  only  based  npon  those  of  Baby- 
lonia, but  tbey  have  been  preserved  in  an  entirely  different  shape  in 
the  Masoretit',  the  Samaritan,  and  the  Septnagiut  versions,  and  there 
is  no  means  of  rectifying  them.  All  we  can  say  is  that  the  Masoretic 
numbers,  uiioa  which  Archbishop  TJssher's  chronology  was  based,  and 
which  was  the  basis  of  the  calculation  in  tbe  margins  of  our  Bibles, 
are  the  least  trustworthy  of  all,  and  can  be  shown  to  be  sophisticated 
and  altered.  If  I  may  be  ]iardoued  for  referring  to  a  work  of  my  own 
in  this  behalf,  namely,  that  which  I  have  entitled  The  Mammoth  and 
the  Elood,  1  claim  to  have  shown  that  all  the  evidences  we  possess— 
geological,  paleontological,  and  arcbseological— converges  with  siogu- 
lar  force  upon  one  conclusion,  namely,  that  at  the  verge  of  human 
history  there  was  n  great  and  widespread  catastrophe,  which  over- 
whelmed a  liirge  part  of  the  temperate  regions  of  tbe  earth  and  which 
cause<l  great  destrui-tlon  of  men  and  animals.  This  widespread 
catastrophe  has  left  its  mark  upon  the  traditions  of  many  and  widely 
scattereil  peoples.  It  possibly  accounts  for  the  isolation  of  many  races 
in  our  own  day,  notably  in  districts  without  great  nataral  frontiers, 
which  isolation  is  due,  in  all  probability,  to  the  destruction  of  all  inter- 
vening links  lietween  tbe  various  human  colonies  which  snrvived.  It 
is  a  remarkable  proof  of  tliis  catastrophe  that  wtereas  man  is  tlie 
most  elastic  of  creatures  in  Itis  capacity  for  facing  and  overcoming 
diflicnities,  there  is,  nevertheless,  an  absolute  gap  in  his  history  in 
huge  areas  in  Kni-ope  unbridgcd  by  any  remains  or  by  any  evidence. 
JIow  are  we  to  explain  tbist  Once  man  has  occupied  the  ground  he  is 
not  likely  to  abandon  it  entirely  and  suddenly.  Wherever  we  find 
one  set  of  men  driving  out  and  sui>erseding  another,  we  have  evidence 
of  grailnal  change  (of  overlapping).  In  the  hill  forts  of  Dorset  we 
have  Itoman  remains  mixed  witb  those  of  Britons.  In  the  Kentish 
cemeteries  we  have  Koman  remains  mixed  with.  Saxon.  In  the  case 
before  us,  however,  it  is  not  only  human  art  wWeh  shows  a  gap,  bat  a 

'lole  fauna  suddenlychaugt's.  Not  a  single  mammoth  or  a  rhinoceros 
■.  ever  occurred  with  the  remains  of  a  domesticated  animal.    Since 
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there  iire  no  tratres  of  a  triuiaitioii,  it  i»  clear  one  tmt  of  niea  and  ani- 
mals did  not  absorb  tlie  other.  To  myself  this  Kuddeu  liiatnB  and  gap 
means  the  occnrretice  of  Bonie  sadden  and  widespread  cataHtropbe 
wbicli  desolated  a  wide  area,  and  destroyed  its  living  croatnres  in 
great  nnmbers,  and  the  recolonization  of  the  wasted  urea  by  migration 
from  elsewhere.  To  this  great  catiistrophe  the  traditions  of  mankind 
go  back,  as  do  the  geological  reference  we  can  collect.  It  forms  the 
great  divide  in  early  human  history. 

We  must  not,  however,  be  misled.  Some  wild  writers  have  argued 
as  if  human  beings  were  qnite  different  in  kind  befoi-e  and  after  the 
divide.  I  see  no  evidence  whatever  of  this.  The  human  skulls  found 
with  the  remains  of  extinct  animals  by  Lund  in  the  caverns  of  Brazil 
have  all  the  characters  of  Indian  skulls,  while  those  found  with  the 
extiuct  animals  in  Europe  have  the  characters  of  European  skulls,  thus 
showing  that  at  this  period  the  native  races  of  America  and  of  Europe 
had  already  been  diS'erentiated,  and  it  is  extremely  probable  that  the 
so-called  paleolithic,  or  as  I  prefer  to  call  them,  the  antedihivial  men 
of  Europe  did  not  belong  to  one  race,  bnt  to  several  races.  Those  who 
find  certain  resemblances  to  simian  skulls  in  those  of  antedUnvial  man 
overlook  the  power  of  drawing  shown  in  the  etchings  of  animals  on 
pieces  of  hone  found  in  tiio  French  caves,  which  is  quite  unmatched  in 
after  times  until  we  reach  a  much  later  |ieriod,  while  the  hariMmns,  the 
needles,  etc.,  are  most  skillfully  fashioneil.  Whether  the  simian  origin 
of  man  be  a  factor  or  not,  it  is  clear  we  have  no  evidence  in  archicology 
as  yet  to  bridge  the  gap.  If  we  want  a  key  to  the  whole  position  we 
must  turn  our  backs  upon  civilized  man  and  explore  the  fertile  fields 
of  ethnography  and  the  muttiforni  types  which  we  find  among  savage 
and  sennsavage  races.  Many  of  tliese  have  survived  from  the  tnne 
before  the  great  catastrophe,  which  did  not  in  fa<^t  atl'cet  the  Tropics. 
In  these  latitudes' we  can  find  abundant  material  to  study,  showing 
how  man  with  very  rude  tools  fashioned  for  himself  very  respectable 
sori'oundiiigs.  These  various  tribes  of  savages  are  generally  ignored 
when  we  study  history  and  archseology.  No  greater  mistake  could  be 
made.  Assuredly  they  present  us  with  survivals  on  a  great  scale  by 
which  we  can  measure  and  tetst  the  phases  of  human  progress  in  its 
earlier  stages,  and  some  time,  perhaps,  we  may  he  able  to  get  tliem  all 
into  one  pedigree,  and  to  show  how  a  real  continuity  combiues  them 
all.  Two  lessons  of  great  moment  we  may  learn  from  them.  One  is 
thiit  all  these  varieties  of  language,  of  ornament,  of  dress  must  have 
taken  »  very  long  time  to  develop;  and,  secondly,  when  we  come  into 
actual  contact  with  them  we  are  struck  by  the  further  fact  that  tliey 
are  des))er<itely  conservative.  The  so-called  mug  money  which  marks 
one  of  the  very  early  chapters  of  our  archaeological  history  still  survives 
in  northeastern  Africa.  The  ornaments  and  the  customs  of  ancient 
Egypt  may  be  still  found  living  in  western  Soudan,  and  anmng  the 
tribes  of  Asbanti,  while,  if  we  turn  to  Australia  and  Tasmania,  w* 
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shall  flmi  liiunau  arts  atill  in  their  very  infancy,  and  so  far  as  we  know 
and  can  judge,  the  arts  of  these  races  have  remained  nnchaiiged  and 
unaltered  since  those  primitive  times,  when  the  AastralJaus  first  intro- 
duced the  dog  into  Australia,  which  ineuns,  when  the  Aastraliiin 
animals  were  still  living,  while  we  ahsill  find  among  the  very  backward 
Bushmen  and  Eskimos  a  power  of  drawing  aniranls,  etc.,  comparable 
with  that  of  the  cave  men,  and  languages  remarkable  for  their  stractnre 
and  capacity. 

A  thinl  lesson  which  we  learn  is  that  it  is  quite  iwssible,  and  in  fact 
an  everyday  occurrence,  for  two  civilizations  which  have  reached  very 
different  stages  to  coexist  alongside  of  each  other  contemporaneously 
in  the  same  area.  The  Anstralian  and  the  Englishman  lire  alongside 
of  each  other,  as  tlie  Lapp  and  the  Norwegian;  nay,  to  come  nenrer 
home,  as  the  gypsy  and  the  sedeuttry  Oxford  professor;  and  we  are 
led  from  this  fact  to  tlie  induction  which  has  been  too  often  forgotten 
or  overlooked,  that  the  same  thing  must  always  have  been.  We  talk 
of  a  Stone  age,  of  a  Bronze  age,  and  of  au  Iron  age,  and  these  are 
excellent  terms  when  we  apply  them  to  some  particular  area  like  Scan- 
dinavia, to  which  they  were  first  applied;  but  they  are  misleading 
when  nnlversally  applied.  Many  savages  are  still  hving.orwere  quite 
recently,  in  the  Stone  age,  the  Shell  age,  or  the  Wooden  age,  like  the 
Australians,  the  Marquesan  Islanders,  and  the  Indians  of  the  Amazons, 
while  alongside  of  them  were  living  the  eniigmnts  from  Euroi>e,  who 
were  not  only  living  in  the  Iron  ago,  but  had  learned  to  harness  steam 
to  iron,  and  to  multiply  human  labor  tenfold.  Not  only  so,  but  it  is  obvi- 
ous in  such  cases  that  there  may  be  a  great  jump  in  civilization  from  a 
very  low  to  a  very  high  step  on  the  ladder  without  the  necessity,  or  the 
possibility  even,  of  intermediate  steps.  A  Bronze  age  or  a  Copper  age  is 
not  at  all  unlikely  to  intervene  between  the  hewers  of  rude  stones  or  of 
polished  stones  in  the  Pacific  and  in  many  parts  of  America  and  their 
adoption  of  iron;  and,  in  fact,  it  may  be  said  that  the  stage  we  some- 
times iissociatc  with  Paleolithic  man  (very  wrongly,  as  I  think),  namely, 
that  in  which  the  Tasmanians  and  Australians  lately  lived,  may  be 
immediately  followed  by  an  Iron  age.  1  say  wrongly,  because  we  can 
not  argue  that  the  men  who  lived  in  our  jtrehistoric  caves  and  were 
contemporaries  of  the  mammoth,  whose  p<»rtrait  they  scratched  on 
ivory,  were  the  same  race  as  the  low  type  of  men  discovered  in  Ta-sma- 
Dia.  Diogenes  was  a  philosopher,  and  not  a  dog,  as  he  called  hinisetf. 
although  be  livwl  in  something  very  like  a  kennel,  and  the  men  who 
invented  and  elaborated  the  Vedanta  philosophy,  although  living  with 
the  simplest  surroundings,  are  not  to  be  measured  with  the  untutored 
and  unreclaimed  wild  hunters  of  the  Kurdish  Mountains,  among  wbom 
the  arts  of  life  are  at  least  as  much  advanced. 

Let  us  now  apply  this  lesson  a  little  more  concretely  to  the  compli- 
cated storj'  of  human  progress.     If  we  take  our  archieological  telescope 

id  look  back  through  the  avenues  of  time,  we  aba)!  r«w^  a  period 
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vhen  the  great  civilizations  of  tbe  world  were  still  incabating,  and 
when  in  Europe,  in  north  Africa,  and  in  Asia  tiie  many  scattered 
tribes  were  living  very  much  as  we  can  see  tribes  living  now  in  savage 
countries,  some  by  hantiug,  some  by  fishing,  and  some,  no  doubt, 
leading  a  pastoral  life.  Tbia  ntage  in  Europe  and  its  borders  is  marked 
archteologieally  by  what  we  call  tlie  paleolithic  or  antediluvian  man. 
Some  have  compared  him  with  the  Eskimo,  because  the  Eskimo, 
like  bim,  has  artistic  instincts  and  can  draw  well,  and  because  his  snr- 
roandings  are  supposed  to  have  been  of  an  Arctic  character.  All  this 
is  very  doubtful  and,  in  fact,  misleading.  So  far  as  we  know,  the  cave 
man  of  Europe  was  completely  exterminated,  as  his  companions,  the 
mammoth  and  the  hairy  rhinoceros,  wore,  and  has  left  no  descendants. 
Uis  remains  as  found  in  the  caves  are  cased  with  stalagmite,  which 
effectually  separates  them  from  their  successors.  The  immigrants  who 
succeeded  them  are  recognized  by  their  long,  narrow  skulls,  by  their 
employing  domesticated  animals  and  caltivated  plants,  and  by  their 
burying  their  dead  in  long  barrows.  Whence  they  came  we  can  not 
positively  say,  but  we  may  reasonably  conjecture  it  was  from  some 
country  where  the  animals  and  plants  jnst  named  were  indigenous  in 
the  wild  state.  In  their  graves  in  Bntnin  no  metal  objects  liave  been 
fonnd,  no  tangled  or  barbed  arrowheads,  while  the  jiottery  is  of  the 
rudest  character,  marked  by  cylindrical  shapes. 

In  one  respect  these  long  mounds  present  us  with  a  puzzle.  We 'can 
hardly  doubt  that  among  barbarous  races  few  things  are  more  likely 
to  have  been  closely  studied  and  more  important  than  the  ritual  of 
burial,  and  yet  we  find  the  practices  of  burial  and  of  cremation  both 
in  vogue.  It  h^  been  thought  that  the  two  practices  were,  in  fact, 
contemporary  from  the  commencement.  In  this  I  can  not  agree.  In 
the  south  of  England  burial  was  almost  universal  among  the  long  bar- 
row men.  In  Scotland,  on  the  contrary,  cremation;  but  Mr.  Anderson 
has  shown  that  even  there  burial  seems  to  have  jireceded  burning,  and 
it  Beems  to  nie  that  burning  tlie  dead  bodies  was  distint-tly  au  innova- 
tion introduced  by  the  men  who  had  succeeded  those  with  the  long 
heads,  and  that  originally  it  was  unknown  among  t>iese  men.  Again, 
there  is  another  curious  distinction,  which  is  apparently  a  superttcial 
one.  When  stone  was  not  to  be  had  the  bodies  were  laid  in  the  ground 
in  a  more  or  less  crouching  attitude  and  covered  in.  Otherwise,  cham- 
bers were  built  up  of  bowlders  or  other  rough  stones,  which  were 
ai>proaGhed  by  long  galleries  o\»u  to  the  outside,  ajiparently  simulating 
underground  dwellings,  in  which  whole  families  or  clans  were  buried. 
These  again  were  supplnuted  when  the  new  men  with  round  heads 
came  in  by  stone  boxes  or  ciftts  closc-d  all  round,  the  intrmluction  of 
which  was,  in  general,  coincident  with  thnt  of  burning,  although  there 
was  nndoubtedly  some  overlapping.  Who,  then,  wore  these  long-headed 
meul  Tlie  early  long-headed  race  of  Britain  has,  according  to  fair  evi- 
dence, left  its  trace  in  Europe  in  the  long-headed,  dark-skinned,  black- 
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haired  Basques,  aud  in  Britain  itttelf  ttiey  seem  tobave  sarvived  in  the 
SiluriuDs  of  Glamor^nsbire  (described  by  the  Boiuan  writers)  and  in 
tbe  small  black  Laired  people  of  south  Wales  and  parts  of  Ireland. 
Traces  of  the  Basque  language  have  been  said  to  be  found  in  UieCellic 
languages,  but  tliis  particular  branch  of  the  field  has  been  hitherto 
very  little  e^plo^ed,  nor  liave  the  local  place  names  iu  those  districts 
where  the  race  may  be  supposed  to  have  survived.  Here,  thea,  we 
seem  to  have  a  clue  which  points  to  the  men  with  the  long  beads  having 
come  fram  the  southwest.  The  Basques  have  their  nearest  relations  in 
north  Africa,  where  a  race  which  buried  and  did  not  bum  its  dead  ouco 
occupied  the  country,  whose  remains  are  still  to  be  found  among  the 
Berbers  and  the  Kabyles  of  the  Atlas  range  and  among  the  Gnanches 
of  the  Canary  Islands.  And  these  races  of  the  Atlas  take  us  on  again 
to  tbe  valley  of  tbe  Nile,  where  the  early  Egyptians  are  now  lecognized 
to  have  had  close  relations  of  blood,  etc.,  with  them,  and  who  were,  as 
you  know,  almost  fanatically  devoted  to  the  practice  of  burial,  as  con- 
trasted with  barniug  In  disposing  of  their  dead.  In  this  behalf  it  is 
curious  to  remember  the  distribution  of  the  so-called  cromlechs,  whicl 
are  merely  chambered  tombs  of  another  form.  They  are  found  all  round 
the  northern  part  of  Africa,  in  Spain,  in  the  maritimepartsof  Gaul,  and 
all  over  Britain,  where  tbey  have  not  been  displaced  by  the  i»Iow  and 
harrow.  They  abound  in  Holland  and  occur  again  in  Scandinavia, 
specimens  of  their  primitive  stock  having  migrated  from  west  to  east 
in  Europe  along  the  seaboard.  This  line  of  migration  leads  os  to  tbe 
Nile  Valley  as  a  goal,  and  it  seems  to  some  of  us  that  the  earliest 
inhabitants  of  that  valley  were  first  cousins  of  our  long  barrow  men. 
There,  under  favorable  conditions  of  a  pure  climate  and  access  to  tbe 
necessary  tools  and  weapons  of  culture,  there  developed  a  race  which, 
although  unacquaintf^d  with  metals,  prodaced  a  wonderful  culturfr- 
that  of  the  Egyptians  of  the  old  empire. 

We  have  as  yet  found  no  traces  of  a  beginning  of  thiscnllareon  the 
spot,  and  until  quite  recently,  when  Professor  Petrie  has  made  soM 
remarkiiblo  discoveries  at  Coptos,  which  may  throw  some  light  ou  tbis 
issue,  we  seem  to  have  in  the  monuments  of  the  fourth  and  fifth  dynnsiy 
every  kind  of  excellence  we  associate  with  Egyptian  art  fully  devcl 
ope<l,  including  its  hieroglyphical  writing,  its  strange  mythology,  etc, 
and  all  the  while  Egypt  was  still  in  what  the  Scandinavian  antiquaries 
describe  as  the  Stone  age. 

Whether  this  art  was  imported  with  the  race  which  developed  it  iu 
the  Nile  Valley,  or  was  entirely  indigenous,  we  do  not  know.  It  mW 
betbiit  it  was  the  discovery  of  the  ancestors  of  the  tribes  who  are  no'' 
represented  by  tbe  Bishirins,  Hadandowahs,  and  other  wild  tribes  of 
the  eastern  Soudan,  or  by  tbe  Berbers  of  the  Atlas  range,  who  border 
the  Nile  Valley  on  either  hand,  and  must  liave  done  so  for  a  very  long 
period.  One  thing  seems  clear,  that  for  a  very  considerable  period  tbe 
\rt  of  tbe  Nile  Valley  was  isolated,  and  does  not  seem  to  have  affected 
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that  of  its  neighbors.  To  ue  this  art  is  supremely  interestiiiK.  I>ecan»e 
ve  citn  trace  Us  progress  step  by  step  through  luniiifohl  vit-isKitiides 
for  four  thousand  years. 

Liet  us  iiov  retaro  again  to  our  owd  voniitry.  The  loiig-beailed 
people  here  were  displaced  very  largely  by  a  rai'e  with  round  he^ids, 
wbo  barned  their  dead  and  put  their  ashes  iu  beautifully  iionstructed 
UTDS,  and  then  deposited  them  in  stone  cistH  or  boxes  in  ronnd  or 
saucer-shaped  moo nds  and  not  in  long  barrows.  As  we  have  said, 
there  was  considerable  overlapping  between  them  and  tlieir  predeces- 
sors, who  adopted  in  some  cases  their  customs,  including  that  of  bury- 
ing in  ronnd  mounds  or  barrows.  The  shai>e  of  the  sknlls  of  these  new 
men  shows  lu  what  a  profound  racial  difference  there  must  have  been 
between  them  and  their  predecessors.  They  apparently  came  ftom 
another  direction,  and  with  different  surroundings.  So  far  as  we 
know,  tliey  were  the  first  wave  of  that  migration  of  tribes  from  the 
east  which  have  successively  followed  each  other  in  Eanii>e,  and  are 
represented  by  the  earlier  Celts  iu  central  and  southern  France,  and 
large  parts  of  Spain,  and  by  the  Irish  and  Scottish  Gaels,  jast  as 
their  art  remains  proved  tlie  ronud-headed  folk  to  have  mingled  with 
their  predecessors,  the  Basques.  If  we  follow  our  maps  eastward,  and 
track  the  steps  of  those  races  who  burned  their  dead,  we  shall  find  them 
linked  step  by  step — if  not  by  race  by  a  certain  relationship  in  their 
arts — to  the  early  dwellers  in  Mesopotamia.  There  a  similar  develop- 
ment to  that  we  all  know  so  well  iu  the  Nile  Valley,  and  likewise  in 
the  Stone  age  of  culture,  took  place  in  the  valleys  of  the  Euphrates 
and  the  Tigris.  Here,  however,  we  seem  to  have  evidence  that  the 
caltnre  was  not  homegrown,  bat  there  are  reasons  for  believing  that 
the  men  who  founded  the  earliest  known  communications  with 
Chaldea  brought  with  them  the  arts  by  which  we  know  them  from  the 
Elamitish  Monntains  to  the  east,  whence  they  seem  to  have  sent  colo- 
nies westward  into  Mesopotamia  and  eastward  into  t'bina.  This 
cnrions  and  most  interesting  induction  is  one  of  the  most  im{>ortant 
discoveries  of  recent  years.  It  enables  us  to  link  the  culture  of  the 
fortbest  east  to  that  of  the  west,  and  it  also  enables  us  to  conclude 
thiit  the  arts  are  not  the  peculiar  heritageof  any  one  race,  for  here  we 
seem  to  be  compelled  to  admit  that  the  foundation  of  that  culture 
which  we  call  Aryan  or  Indo-European  is  really  to  bo  tra<'ed  to  the 
now  despised  Turks  and  Finnish  races.  It  was  a  race  very  nearly  akin 
to  the  Turks  and  Finns  which  certainly  invented  the  cuneiform  writ- 
ing, and  apparently  developed  the  earliest  religious  system  in  Ghaldea. 
From  this  race  it  was  directly  learned  by  the  Semitic  races,  whose  origi- 
nal home  was  Arabia,  and  whose  enterjirise  and  vigor  distributed  them 
for  and  wide.  One  thing  we  nmst  remember,  that  so  far  as  our  present 
evidence  goes,  the  arts  of  Babylonia  were  as  different  from  those  of  the 
Nile  Valley  as  were  the  language,  mythology,  and  the  appearance  of 
the  people. 
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These  Semitic  peoples  foandecl  the  sacvessive  kingdoms  of  Bftbylo- 
aia  and  Assyria,  but  it  was  the  PhoeDiciaDS  who  were  chiefly  instn- 
nieiital  io  maltiplying  and  distributing  the  wares  which  the  older  mco 
of  Mesopotamia  had  madi!.  They  were  to  be  found  trading  and  trafGek- 
iitg  everywhere  from  far-off  Britain  to  far-off  Thule,  and  still  farther 
to  that  land  of  mist  and  snow  where  the  griffons  were  sa]>|Kfsed  to 
guard  the  gold  deposits  of  Siberia.  Their  settlements  und  trading 
IH>rt«  were  to  be  found  all  over  the  Mediterranean.  These  same  Phw- 
Dioians  were  also  groat  metallurgists,  and  if  not  the  discoverers  of 
bronze,  which  added  so  mm-h  to  the  resources  of  the  early  craftsmaD. 
thpy  were  so  far  as  we  know  the  great  distributors  of  the  knowledge  of 
the  making  and  also  of  the  materials  of  bronze. 

Let  us  revert  once  more  to  northern  Europe,  and  notably  to  our  own 
country.  It  was  during  its  occupation  by  rouud-headetl  people  thai 
the  use  of  bronze  was  first  introduced  here.  <iold  was  apparently  their 
own  discovery,  bnt  bronze,  1  believe,  was  an  imiwrted  art,  and  bad 
nothing  to  do  with  the  introduction  of  a  new  race.  The  bronze  workera, 
as  we  know  from  the  numerous  hoards  which  have  occurred,  and  also 
trom  the  numerous  molds  which  have  been  found,  were  trareli'if 
tinkers  and  metallurgists,  Ruch  as  the  metal  workers  of  Finland  still  are, 
and  as  the  mediaval  goldsmiths  in  Scotland  were.  The  weapons,  oriia 
tnents,  and  tools  are  of  the  same  type,  differing  in  slight  details  only 
ftom  one  end  of  Europe  to  the  other,  and  showiug  that  the  art  was 
spreml  over  a  wide  area  occupied  by  many  races,  and  it  seems  to  have 
spread  from  the  Mediterranean  lands,  perhai)s  by  the  agency  of  those 
traders  who  took  Baltic  amber  to  Greece  and  Italy,  and  who  in  tbe 
first  instance  were  probably  the  Phieuiciaus.  It  is  curious  that  this 
bronze  culture  should  have  advanced  to  very  differeut  stages  of  style 
and  elaboration  in  difi'erent  areas.  In  Spain  it  advanced  only  to  a  small 
degree,  as  we  may  learn  from  the  explorations  of  my  friends,  tbe  broth- 
era  Siret;  in  England  and  France  considerably  farther;  in  Scandi- 
navia and  Hungary  farther  still,  and  I  would  suggest  au  an  explauatioo 
that  the  reason  is  that  in  Spaiu  and  the  western  countries  brouEe  wa« 
dis[>Iaeed  by  iron  at  an  earlier  date.  Thus,  while  in  Scandinavia  we 
have  no  reason  to  sup[)ose  that  iron  was  nsed  until  about  the  Cbristian 
era,  in  Britiiin  it  must  have  been  used  several  centuries  earlier.  Thus 
tbe  Utter  and  more  develojied  bronze  culture  of  Denmark  and  Hungary 
corresponded  in  age  and  was  synchronous  with  the  earlier  use  of  iroo 
in  Britain,  and  probably  also  in  Gaul  and  Spain,  and  hence  it  represents 
a  later  and  more  developed  art.  As  I  have  said,  the  introductiou  of 
bronze  was  the  iTitroduction  of  a  new  art,  and  not  a  new  race,  and  it  is 
a  great  mistake  for  people  to  talk  of  the  bronze  folk  as  if  they  were 
something  difl^rent  to  the  men  who  n»(^  stone. 

Tbe  next  art  revolution  in  these  latitudes  did,  however,  mean  tbe 
importation  of  a  new  stock.    This  was  coincident  with  the  introduoti(Hi 
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of  iron.  This  problem  as  it  presenttt  itself  in  Britain,  is  one  of  the 
great  puzzles  of  eiirly  ari'luiolngy,  for  it  meann  a  grout  dcftl  more  than 
the  mere  iutrmluetioii  of  iron  for  the  cutting  of  weaiiona  and  tooU;  it 
meanH  the  introduction  of  un  entirely  new  Htyle  of  ornament,  a  style 
of  ornament  apparently  quite  indigenous,  consisting  of  the  most  grace- 
fal  iMirolls,  known  as  trumpet  scroIlM,  of  en<lless  variety  and  taste. 
Alongside  of  this  we  have  the  mo.st  wonderful  skill  in  metallurgy, 
nothing  can  exceed  the  delicate  manipulation  with  which  the  old 
artificers  fashioned  the  objects  of  niantfold  shape,  and  of  entirely  new 
designs — bone  trappings,  sliields,  helmets,  swords  and  dagger  sheaths, 
spoons,  mirrors,  etc.,  and  the  dexterons  way  in  which  they  ornamented 
tbem  with  enamel,  whi<rh  they  were,  apparently,  the  tirst  to  discover 
and  to  apply.  Tiiese  objects  bav«  occnrr&l  in  the  grelest  nnmber  in 
Great  Britain,  and  in  Ireland;  but  they  have  also  been  found  in  Bel- 
i;ium,  in  eastern  France,  and  in  certain  parts  of  .Switzerland,  such  as 
La  Tene,  etc.,  and  it  wonid  seem,  therefore,  that  they  reached  us  by 
some  migration  down  the  Khine.  One  important  fai-t  about  tliis  art 
iH,  that  we  know  its  relative  date.  We  know  that  it  was  living  when 
the  Bomaus  conquered  Britain.  Tlie  remains  of  the  early  Itoman  con- 
querors are  found  mixed  with  objiHrts  of  this  date  in  the  hill  forts  of 
Dorsetshire,  etc.,  and  the  descriptions  of  Civsar  apply  to  this  chariot- 
eering people.  Not  only  so,  but  it  survived  the  Roman  Conquest  in 
tbat  part  of  these  inlands  untouched  by  tlie  Itoman  Con<iuest — namely, 
iu  Ireland.  The  art  of  Ireland,  until  it  wsm  disp1a<ted  and  sophisti- 
cated by  the  Norsemen,  was  a  mere  development  and  growth  of  this 
art,  and  it  is  found  abundantly  displayed  in  the  ornaments  illustrated 
by  Westwooil  in  his  work  on  Irish  MSS.  How  long  it  has  flourished 
here  before  the  Roman  Conquest,  and  at  what  date  it  disptaceil  the  art 
of  the  Bronze  jteople  we  do  not  know.  As  I  have  said,  this  same  art  is 
found  in  the  Rhine  Valley,  and  in  Switzerland;  it  is  not  found  in  Den- 
mark and  Germany,  where  the  objects  of  the  Iron  ago  have  an  entirely 
different  history.  Kor,  again,  is  it  found  in  western  France,  nor  in 
Spain,  and  the  only  avenue,  therefore,  by  which  it  can  have  reached 
Britain  is  that  suggested  by  my  very  acnto  friend,  Mr.  Arthur  Kvans, 
namely,  the  valley  of  the  Rhine.  In  his  original  and  suggestive  mem- 
oir on  this  subject,  he  traces  this  art  to  Switzerland.  There  it  seems 
to  have  incubated  and  developeil  itself  in  contact  with  the  art  of  the 
Etruscans,  with  which  at  some  points  it  has  some  analogy;  but  as  a 
whole  its  inspiration  is  not  Ktrnscan,  but  it  goes  ba<'k  further  to  that 
primitive  Mediterranean  art  which,  for  lack  of  a  better  name,  we  call 
Itfykenean — the  art  of  the  Homeric  poems.  It  is  in  the  Mykenean 
objecta  tbat  we  find  the  sitme  scrolls  and  the  same  dexterous  manipula- 
tion of  metal,  and  the  use  also  of  enamel.  The  distinction,  of  course,  is 
tbat  the  nse  of  iron  has  meanwhile  been  introduced.  This,  however, 
was  only  for  cutting  objeetM;  the  ornaments,  the  sword  sheaths,  the 
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shields,  helmets,  mirrors,  etc.,  ill  continaed  to  be  made  of  bronze.  The 
iiitrodaction  of  iron  merely  displaced  the  kind  of  metal,  and  did  not 
affect  the  art. 

To  revert  for  a  senteove  or  two,  the  people  who  developed  and  n>^\ 
this  later  Celtic  art  also  used  coins.  These  coius  have  been  traced 
partially  to  the  coinage  of  Philip  of  Macedon,  large  quantities  of  whose 
gold  staters  were  probably  taken  back  by  tlie  Gauls  after  their  inva- 
sion of  Greece.  The  gradual  sophistication  of  these  Greek  models  lins 
been  traced  and  followed  ont  by  Sir  John  Evans  with  his  usnal  inge- 
nuity and  acamen.  On  another  side  we  seem  to  have  evidence  that 
Druidism.whieh  differed  from  the  old  polytheistic  religion  of  the  Gauls 
and  Oemians,  which  was  related  to  the  religions  of  Rome  and  Greece, 
was  imported  from  the  far  East,  and,  having  apparently  reached 
Thrace,  was  carried  back  with  them  by  the  Gauls  who  had  invaded 
Greece,  and  who  thus  ac<|uired  the  notions  of  metempsychosis,  etc., 
and  I  am  not  at  all  sure  that  the  old  notion  of  Godfrey  Higgins,  which 
has  not  had  many  adherents  lately,  is  not  true  that  Druidism  wss 
largely  the  oatcome  of  the  teaching  of  the  Buddhist  monks,  who,  we 
know,  penetrated  into  Persia  and  Syria,  a«  tltey  spread  their  ideas  and 
the  artistic  instincts  of  India  all  the  further  cast  from  Japan  to  Java- 
But  to  i-etnrn  to  Eurot>e.  The  art  I  have  been  describing,  which  ha* 
been  style«l  Xeo-Celtic  by  Sir  A.  Wollaston  Franks,  who  has  done  so 
much  to  illustrate  it,  was  imported  by  a  new  wave  of  population,  to 
which  the  name  Belgic  has  been  given,  and  whose  original  home  was 
apparently  in  Switzerland  and  South  Germany.  This  race  is  now  \mt 
represented  by  the  Welsh,  but  we  must  not  forget  that  it  also  hud 
large  colonies  in  Ireland,  where  Neo-Celtic  art  became  predominant 
and  where  it  outlived  the  Roman  domination  elsewhere.  In  Grctt 
Britain,  as  on  the  Continent,  this  art  was  displaced,  as  so  much  of  Cbe 
art  of  the  world  was,  by  the  Romans,  itself  a  daughter  of  Greece.  1* 
is  not  my  purjwse  to  discuss  such  a  well-known.subject  an  Roman  nrt 
I  would  only  point  out  to  you  how  the  newer  school  of  archieoio;:}' 
has  shown  that  Roman  art  was  very  largely  the  art  of  the  Roman 
provinces,  and  not  so  much  Italian.  Alexandria  was  a  great  centerof 
the  silversmiths'  and  other  artistic  metal  work;  Treves  and  Cologne 
and  Lyons  and  Clermont  of  pottery,  of  glass,  and  also  of  metal  vork; 
and  there  can  bo  no  doubt  that  Greece,  both  continental  and  i»snl»r< 
continued  to  be  under  the  Roman  domination  a  fertile  mother  of 
sculpture,  architecture,  etc. 

Rome  was  the  great  assimilat^^r  and  distributor  of  these  varioos  pro- 
vincial wares,  as  her  language  became  the  lingua  franca  of  half  ^^^ 
known  world;  her  laws  embodied  and  displaced  other  forms  of  Jnris- 
prudence;  her  generous  Pantheon  welcomed  the  foreign  gods,  ami  ''*'' 
military  system  mixed  and  mingknl  the  natives  of  very  different  eoao- 
tries  and  climates.  I  would  li  ke  to  say,  by  the  way,  bow  necessary  it  '* 
that  we  should  have  a  complete  survey  of  Roman  Britain  such  as  has 
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been  bo  well  begnn  at  Silchester,  and  how  much  some  of  us  long  to  see 
thA  spade  put  into  your  own  Uriconiuui.  When  the  Koman  capital  was 
removed  to  Byzantiam  sew  and  fresh  ideas  were  apparently  developed,  or 
perhaps  old  ones  which  bad  been  Iocali/.ed  there  were  distributed  in  all 
directions.  In  one  direction  Piirthians  and  Sassanians  drank  at  the 
well,  and  it  is  not  possible  now  to  say  whether  the  embroideries,  the 
damasks,  the  silver  bowls,  etc.,  which  we  aHsociate  with  ihese  ICastern 
people  were  Byzantine  or  not.  In  another  direction  the  art  of  Byzan- 
tium Kpreitd  all  over  the  Teutonic  world.  The  art  we  call  Teutonic  is 
really  Byzantine.  The  tribes  whicli  were  planted  on  the  various  fron- 
tiers of  the  Empire  aud  were  largely  in  its  service  and  its  pay  were  all 
directly  indebted  to  Byzantinm  for  their  art.  Hence,  why  we  find  the 
same  art  with  slight  local  diiferences  among  the  Goths  of  the  Crimea, 
the  I/onibards  in  Italy,  the  Bnrgnudians  in  Austria  and  Switzerland, 
the  Alemanni  on  the  Rhine,  the  Merovingians  in  Ciaul,  the  Angles  and 
Saxons  in  Britain,  the  Visigoths  in  Spain,  the  Vandals  in  Africa,  and 
the  earlier  Scandinarians  in  Denmark  and  Scandinavia.  The  cloissonee 
jewelry,  the  interlaced  dragon  patterns,  etc.,  all  of  which  have  siicti  a 
common  likeness,  have  an  equally  common  likeness  with  the  work 
which  we  can  trace  to  the  Queen  of  the  Bosphorus;  and  as  Lindin- 
schmidt  was  never  tired  of  preaching,  there  is  no  Teutonic  art.  The 
art  of  all  the  Teutonic  tribes  wiio  founded  the  modern  States  of  Europe 
was  in  reality  the  art  of  Byzantium,  and  this  was  so  in  later  times  also. 
The  art  of  the  Carlovingian  Empire  and  of  the  Inter  Anglo-Saxons 
was  the  art  of  the  exarchate  of  llavenna,  just  as  the  art  of  southeastern 
Europe,  as  preserved  in  the  churches  of  Kief,  was  the  direct  daughter 
of  Constantinople.  The  enamels,  the  bronze  work,  the  ivories,  the 
illuminations  in  books,  the  jewelry,  etc.,  are  all  directly  traceable  to 
the  same  opulent  mother. 

But  it  was  among  the  Arabs  that  the  seeds  of  Byzantine  art  nour- 
ished and  thrived  thd  most.  The  Arabs  themselves  in  regard  to  art 
were  always  a  sterile  race.  ,Like  their  own  sands,  they  do  not  seem  to 
have  had  the  instinct  for  art;  but  they  had  the  instinct  of  government, 
and  at  Bagdad,  at  Cairo,  and  at  Oranada  they  founded  communities 
which  are  as  famous  as  any  in  the  world's  history.  They  had  the  Semitic 
instinct,  too,  for  making  money,  and,  having  made  it,  for  spending  it 
freely  as  munificent  patrons;  but  they  initiated  nothing.  When  we 
speak  of  Arab  art  we  mean  the  art  of  Byzantium,  which  had  a  curious 
renaissance  of  its  own  under  theimpnlseof  fresh  ideas  gathered  together 
from  every  wind  of  heaven  by  the  enteq'rise  of  these  Arab  traders, 
who  crossed  all  the  known  seas  from  China  to  the  Straits  of  Gibraltar. 
Cfesarea,  Antioch,  Damascus,  and  Alexandria,  the  mother  of  Cairo,  were 
Byzantine  cities  with  flourishing  arts  before  the  Arabs  annexed  them, 
and,  so  far  as  we  know,  the  artsof  Damascus  and  Cairo  were  the  daugh- 
ters of  Byzantine  art.  The  mosques  of  St.  Sophia  and  of  Omar  were 
Christian  churches  before  they  became  the  models  for  the  atately  boild- 
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iii^s  of  the  later  caliphs.  Embroidery,  pottery,  aud  {{lass  and  metal 
working,  iucludiug  damaecenert  and  bronze  castiug,  all  passed  from 
Byzantiue  craftemcit  to  tbose  of  Arabia,  and  the  chief  development  tbey 
received  was  in  response  to  the  injunctions  of  tlie  Prophet  against  tlie 
making  of  graven  images  aud  of  painted  representations,  which  coin- 
pelte<t  those  employed  by  the  Arab»  to  devote  their  energies  to  devel- 
oping conventional  ornamentation  and  so-called  arabesque  nork.  Their 
contact  with  the  Chinese  and  the  Hindoos  enabled  them  in  pottery,  aud 
probably  also  in  bronze  work,  ete.,  to  supplement  the  lessons  they  learned 
nearer  home  with  fresh  lessons  from  the  farthest  East.  Then  came  a 
curious  phase.  As  is  often  the  case  in  the  modest  life  of  onr  homes,  the 
daughter,  having  outgrown  her  mother's  teaching,  returned  some  of  tLe 
lessons,  and  in  tnrn  became  the  fruitful  mother  of  new  ideas  and  of  nev 
inspiration.  Erom  Egyptaud  fromSyria  art  workmen  found  their  way 
to  Venice  and  Pisa  and  other  Italian  towns,  and  started  men  along  new 
roads  by  presenting  them  with  new  models.  The  glass,  the  brass  work, 
and  the  pottery  of  Venice,  when  Venice  headed  the  renaissance  of  tbe 
itidustrial  arts,  were  all  the  children  of  eastern  workmen  imported  by 
the  rich  Itepublic.  Another  wave  of  Mohammedan  art  inflnence  iiassed 
through  north  Africa  into  southern  Spain  and  its  islands.  There  tbe 
lustered  wares  known  as  majolicun  had,  if  not  their  origin,  their  great 
development,  and  thence  they  were  tran8plante4l  to  Italy.  The  Hue 
tiles  which  the  Moors  made  were  widely  imitated,  as  their  azulejos  by 
tbe  Spaniards ;  and  thence  also  largely  camo  the  astrolabes,  the  clocks, 
and  other  inventions  which  Arab  science  had  produced. 

One  feature  in  the  panorama  we  have  hastily  traced  is  obvious, 
namely,  that  it  has  been  the  nations  and  the  peoples  with  great  mer- 
cantile enterprise  who  have  not  only  been  rich  enough  to  patronize  hut 
who  have  also  been  in  contact  with  fresh  ideas  which  have  given  art 
its  new  departure.  The  Flemings  at  Bruges  and  tho  Uanse  traders  all 
over  the  Baltic  necumulated  and  developed  ideas  which  they  picked  np 
at  Novgorod  and  in  the  far-off  districts  of  Perm,  etc.  On  the  otiier 
Land,  the  Venetians  and  the  Genoese  had  their  factories  all  over  the 
Black  Sea  and  among  the  isles  of  Greece.  They  shook  hands  there 
with  the  caravan  tradei's  from  China  and  from  the  far  countries  of 
Siberia,  and  had  to  supply  eiteh  other  in  return  with  objects  suitable 
to  their  taste  and  needs.  The  Mongols  were  masters  of  the  greater 
parts  of  the  Asiatic  w^orld.  Their  luthlcss  conquests  drove  the  artif- 
icers of  Persia  into  India  and  into  Egypt,  and  in  either  country  a 
great  rejuvenescence  of  the  arts  took  place  at  the  same  time  in  tbe 
same  style,  and  it  is  a  most  curious  i»iece  of  history,  as  well  as  interest- 
ing in  art,  to  compare  the  tombs  of  the  caliph  at  Cairo  with  those  of 
the  I'atban  sultans  at  Delhi.  Then  the  Mongols  themselves  became 
civilized  and  settled,  and  their  artificers  crowded  back  and  brongbt 
new  ideas  with  tliem,  and  atTebrii',  audSuUania  erected  buildiup' ami 
decorated  them  in  a  mauuer  previously  unattained.    Not  only  bo,  but     . 

II,  Google 


THE   METHODS   OF   ARCHfOLOOICAL   RESEARCH.  607 

the  great  masBes  of  workmen  were  tranajmrted  eastward  and  westward 
under  the  control  of  the  same  exacting  masters,  and  thus  the  designs 
on  Chinese  porcelain — pha-nixes  and  dragons,  etc.— invaded  Persia, 
and  similarly  the  Chinese  learned  how  to  make  what  we  call  bine  and 
white  porcelain,  which  they  did  not  know  until  the  time  of  the  Ming 
dynasty. 

To  take  one  more  illastration :  We  can  not  wander  about  the 
glorioQB  rains  of  your  connty — such  rnitis  aa  Wenlock  Priory — wittaont 
being  reminded  of  the  sermon  in  every  stone.  We  realize  how  mach 
we  owe  to  Gregory  and  to  Aagustine,  who  planted  Christianity  here, 
as  well  as  to  Benedict  and  St.  Bernard,  and  their  indomitable  disciples 
and  scholars,  who  reared  aloft  high  standards  of  purity  and  simplicity 
of  work  and  of  dnty  in  a  community  which  was  disintegrated  under 
the  inflnence  of  a  barbarous  soldiery  and  of  bratal  and  uneducated 
manners.  We  arefurtberreminderl.aswecan  almost  hear  the  jingling 
spurs  and  iron  incased  feet  of  the  knights  tramping  down  the  aisles, 
that  it  was  the  romantic  enterprise  of  the  cmsading  nobles,  prelates, 
and  monks  wbi(;h  brought  back  the  genius  of  Gothic  architecture  to 
Europe,  and  the  taste  for  poetry,  for  sentiment,  and  for  art,  which 
they  had  learned  from  the  Saracens,  followers  of  Saladin,  and  it  was 
very  largely  their  handiwork  that  flooded  western  Eoroite  with  new 
ideas,  which  blossomeil  into  magniBcent  forms  in  our  ministers,  and  the 
equally  fresh  and  novel  ideas  which  Froissart  and  Chaucer  and  Malory 
enshrined  in  immortal  verse  and  prose  j  and  if  we  turn  over  the  medal 
and  look  on  the  other  side  we  shall  realize  the  reliex  influence  of  tbe 
cmaades  upon  the  East. 

I  do  not  proi>ose  to  carry  this  disintegrated  story  further.  My  pur- 
pose and  object  have  been  topresshome  as  a  universal  factor  of  human 
progress  the  element  of  continuity  which  we  all  concede  in  regard  to 
purtieolar  cases,  and  also  to  press  home  the  lesson  that  we  can  not  do 
jnstice  to  our  subject  if  we  limit  our  horizon,  as  we  are  apt  to  do,  to 
onr  parish,  our  connty,  or  our  island.  These  are  only  outlying  pieces 
of  much  larger  areas,  and  the  true  way  of  studying  and  profiting  by  the 
study  of  art  is  not  only  to  be  catholic  but  to  be  continually  conscious 
of  its  interdependence  and  continuity.  Lastly,  one  lesson  let  us  carry 
away  with  us,  lest  we  forget  the  humility  which  becomes  the  students 
of  the  venerable  past.  If  it  is  true  that  we  are  the  heirs  of  al!  tbe  ages 
it  is  true  also  that  the  memory  of  much  of  our  inheritance  is  blighted 
and  sophisticated.  It  is  not  exhilarating  to  our  vanity  and  self  respect 
to  think  that  hnman  progress  is  not  a  continual  growth — that  men  reach 
levels  very  often  which  those  who  come  after  can  not  emulate.  The 
men  who  built  the  Parthenon  no  less  than  the  unknown  architects  of 
80  many  of  onr  great  ministers,  th«  artiflcers  who  manufactured  the 
lovely  embroideries,  the  matchles.s  tiles,  the  radiant  decorations  of  the 
Alhambra  and  the  Taj  at  Agra,  ha\e  left  no  heirs,  and  we  are  mere 
Bcholara  sitting  at  their  feet.    Uur  strength  is  not  great  enough  to  bear 
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the  lamps  wliicli  they  carried  in  so  many  ways.  Every  generatioaof 
men,  it  may  be,  bas  its  triumphs ;  yet  it  is  not  altogether  reassuring  to 
think  that  in  the  great  meeting  in  the  happy  hunting  grouDils  beyond 
the  screen  of  night  it  will  not  be  the  nineteenth  century  which  will 
occupy  the  foregromid.  Homer  will  still  lead  the  procession  of  tiie 
poets,  Socrates  of  tlie  moral  philosophers,  Phidias  of  the  sculptors, 
llaphael  of  the  painters;  and  not  only  so,  but  we  shall  have  to  give 
place  to  many  unknown  and  uncbronicled  masters  of  their  crafte  in  the 
days  of  old.  When  that  day  comes  I  know  not  what  I  shall  say  to  the 
archieological  giants,  whose  disciple  alone  I  can  claim  to  be,  for  my  pre- 
sumption ill  addressing  you  in  this  incoherent  fashion,  save  to  remind 
them  that  if  the  men  of  Shropshire  have  not  all  the  gifts  of  their  fore- 
fathers, they  still  command  the  virtues  of  patience  and  long  suffering, 
of  urbanity  and  kindness;  and  I  may  be  allowed  to  conclude  with  the 
hope  that  the  Ban  may  continue  to  shine  brightly  on  your  homes— 
Floreat  Salopia  1 
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THE  ART  OF  CASTING  BRONZE  IN  ,IAFAN.' 

By  W.  (iowLAND,  A.  R.  S.  M.,  F.  C.  S.,  F.  S.  A. 
Latt  of  tht  Imperial  Japanae  Mint. 


The  art  of  casting  hroaze  has  been  practiced  by  almoRt  all  uations 
from  very  early  times.  In  Europe  at  a  remote  jieriod,  long  before  the 
dawn  of  history,  we  have  nnmerons  examples  of  the  skill  of  primitive 
man  as  a  founder  of  bronze.  Weapons  of  defense  and  implements  of 
the  chase  arc  the  chief  specimens  of  bis  earliest  work ;  but  later,  when 
other  wants  arose  beyond  the  bare  necessaries  for  his  existence,  we 
find,  together  with  these,  objects  for  personal  adornment  and  domestic 
or  ceremonial  ases. 

In  Asia  the  earliest  practice  of  the  art  is  shrouded  in  the  mists  of 
extreme  antiquity.  Certain  bronze  flgares  from  Chaldea  are  attributed 
to  a  period  not  later  than  3000  B.  C,  and,  although  of  very  archaic 
form  and  rude  execution,  indicate  that  the  casting  of  bronze  must  have 
been  followed  in  that  country  even  for  many  conturieH  before  that 
remote  date. 

Id  Japan  the  founder's  art  has  a  much  less  antiquity;  it  does  not 
extend  back  to  these  distant  periods;  in  fart,  no  remains  of  any 
metal  castings,  even  of  weapons  of  defense,  have  been  found  there 
approaching  in  age  even  those  of  the  early  Bronze  period  in  Europe. 

The  Japanese  do  not  appear  to  have  migrated  to  tho  inlands  ttiey  now 
occupy  earlier  than  perhaps  seven  or  eight  centuries  B.  C,  and  the 
aboriginees  whom  they  found  there  were  totally  unaeqmiinted  with  the 
use  of  inetals.  Hence  all  objects  of  metal  of  the  earliest  times  which 
have  been  discovered  are  Japanese,  and  are  not  older  than  that  time. 

The  evidence  afforded  by  tumnli  and  dolmens,  and  the  remains  found 
in  them  of  the  early  history  and  civilization  of  the  Jajianese,  demon- 
strates clearly  that  in  prehistoric  times  there  were  two  periods,  which 
are  more  or  less  clearly  defined  by  the  progress  which  they  made  in  the 
art  of  metallurgy,  viz,  a  Bronze  and  an  Iron  age.  The  Bronze  age 
begins  with  the  immigration  of  the  race,  and  terminates  about  the 
second  centary  B.  C.  The  Iron  age  then  conimcnees,  and  extends  to 
the  present  time. 

■From  the  Journnl  of  ths  Society  of  Arts,  No.  2215,  Vol.  XLIIl,  May  3,  1895, 
PaiMi  read  l>efore  Society  of  Arts,  Londou,  April  23,  1895. 
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It  is  worthy  of  uote  Iieie  that  the  Bronze  age  and  the  first  period  of 
the  Iron  age  are  also  characterized  by  two  distinct  forms  of  sepulchre 
monumeDts,  the  former  by  barrows,  or  simple  mounds  of  earth,  and  the 
latter  by  megalicbic  dolmens  and  higfaly  specialized  forms  of  chambered 
tnmuli.  There  is  no  evidence  whatever  of  a  Copper  age  preceding  that 
of  Bronze,  bnt  contemporaneous  with  the  early  Iron  age,  and  up  to 
the  sixth  or  seventh  centuries  A.  D.,  we  find  copper  in  more  extensive 
use  than  bronze.  Iron  swords,  trappings,  and  bits  for  horses,  decoral«d 
wit'i  tliin  sheets  of  copper,  coated  with  gold,  are  found  in  abundance, 
while  objects  of  bronze  are  rare. 

THE  BRONZE  AGE. 

The  castings  which  represent  the  early  Bronze  age  in  Japan  consist 
solely  of  swords  and  arrowheads,  the  wants  of  the  people  then  being 
evidently  few  and  simple;  and  although  objects  for  personal  adornment 
were  iii  use,  they  were  made  exclusively  of  steatite,  jasper,  quartz,  or 
other  stones.  The  swords  are  found  in  barrows  or  merely  buried  io 
tlie  ground,  and  never  along  with  objects  of  iron ;  the  arrowheads,  on  the 
other  hand,  occasionally  occur  also  in  dolmeus,  associated  with  iron 
swords,  and  thus  connect  the  Brouze  with  the  Iron  age.  These  bronM 
swords  are  undoubtedly  the  most  ancient  castings  in  Japan.  They  are 
simple  two-edged  weapons,  resembling  in  form  the  short  sword  of  the 
ancient  Greeks.  In  some  examples  the  blade  is  cast  in  one  piece  with 
the  hilt,  but  iu  others  with  a  tang,  to  which  a  hilt  was  snbseqnently 
attached.  The  mold  was  of  stone  and  was  made  iu  two  pieces.  Illus- 
trations of  a  mold  and  sword  are  exhibited.  This  is  the  oldest  mold 
for  casting  bronze  in  existence  in  Japan.  It  was  found  by  a  Japanese 
arch[eologi8t  in  nse  by  some  farmers  as  a  houe  for  sharpening  their 
sickles.  (I  may  say  here  that  ou  my  visit  to  SeonI,  the  capital  of  Korea, 
I  found  stone  molds  in  use  for  casting  simple  silver  articles,  the  stone 
being  au  indurated  tuff.) 

I  was  unable  to  obtain  any  iVagments  or  even  scrapings  of  these 
swords  for  analysis,  as  thei'e  are  but  few  existing,  and  they  are  highly 
prized,  bnt  a  &agmentof  au  arrowhead  which  I  examined  consisted 
of  copper  and  tin,  and  did  not  contain  lend  ais  an  essential  constitneut, 
and  the  swords  are  probably  of  the  same  alloy. 

EARLY    lEON    AGE    (FBOH   ABOUT    THE    SECOND    OBNTUEY   B.   C.  TO 
ABOUT  THE  SIXTH   CENTUBY  A.   D.}. 

In  my  explorations  and  studies  of  the  remains  which  occur  in  the 
ancient  Japanese  dolmens  and  chambered  tumuli  I  have  always 
observed  a  marked  scarcity  of  castings  of  brouze,  Circulsr  mirrors, 
small  bells,  and  arrowheads  occasionally  are  found,  but  they  form  an 
insignificant  part  of  the  contents  of  a  dolmen,  the  chief  objects  being 
swords,  arrow  and  spear  heads,  horse  furniture,  and  other  articles  of 
iron,  many  of  which  are  plated  with  thiu  sheets  of  copper,  coated  gener- 
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all;  with  gold  aud  sometimes  with  silver.  The  belle,  which  are  of  the 
form  called  by  the  Japanese  "suzq,"  are  uimpie  hollow  spheres  with  a 
slit  cut  in  the  lower  half,  and  coutaiu  a  loose  piece  of  metal  or  a  small 
round  pebble  to  serve  the  purpose  of  a  tougue.  They  rarely  occar 
singly,  bnt  are  usually  cast  io  groaps  on  the  edges  of  a  Hat  support, 
fnruished  with  a  hole  and  tang  for  attachment  probably  to  a  staffer  in 
some  cases  to  the  trappings  of  a  horse.  They  appear  also  to  have  been 
used  as  ornamental  appendages  to  garments  and  the  hilts  of  dwords. 

Several  plates  illustrating  their  forms  and  use  are  exhibited.  The 
mirrors  are  the  earliest  examples  of  art  castings  found  in  Japan.  Many 
are  decorated  with  very  elaborate  designs,  and  the  excellence  displayed 
in  the  execution  of  all  denotes  a  very  advanced  stage  iu  the  art  of 
molding  and  casting.  Home  are  undoubtedly  Gliinese,  and  others  are 
probably  native  copies  of  the  Chinese  designs,  bnt  not  a  few  are  of  tnie 
Japanese  workmanship.  An  engraving  of  a  mirror  bearing  a  dati^'—  the 
dynastic  title  Wangmang — 9-23  A.  D.,  is  exhibited. 

The  five  mirrors  from  the  province  of  Higo,  in  Kijushu,  shown  in  the 
lantern  slide,  are  said  by  Japanese  archaeologists  to  be  of  Chinese  origin. 
It  is  impossible  to  assign  an  exact  date  to  the  older  specimens^  the 
carator  of  the  Imperial  Museum,  Tokyo,  attributes  the  Chinese  forms 
to  the  period  Han  (26-220  A.  D.),  and  I  am  inclined  to  agree  with  him 
in  this  attribution.  Three  specimens  (Gowland  collection,  British 
Museum),  which  I  obtained  from  the  province  of  Yamato,  were  associ- 
ated with  "magatama"  and  other  very  ancient  stone  ornaments,  and  are 
probably  not  later  than  the  above  period.  These  are  almost  certainly 
Japanese.  The  simple  geometric  designs  with  which  they  are  decorated 
bear  no  relation  to  the  more  elaborate  patterns  seen  on  Chinese  forms. 

The  largest  castings  of  the  early  Iron  age  are  curious  bell-shaped 
objects  which  are  of  special  interest  from  their  form  and  archaic  orna- 
ment. It  has  been  conjectured  that  they  are  temiile  bells,  but  they 
present  no  points  of  resemblance  to  these  or  to  any  iuKtruinent  or  object 
connected  with  the  ceremonies  or  observances  of  Buddhism,  and  are,  in 
fact,  of  earlier  date  than  the  introduction  of  that  religion  into  the  coun- 
try. Moreover,  none  show  any  signs  of  having  been  bung.  A  consider- 
able number  have  been  found — always  buried  iu  the  ground — chiefly 
iu  Yamato,  Kawachi,  Totomi,  and  the  neighboring  provinces. 

As  early  as  669  A.  U.  the  discovery  of  one  is  recorded,  and  this  was 
even  then  regarded  as  being  of  such  a  great  antiquity  that  it  was  pre- 
sented to  the  Kmperor,  The  designs  with  which  they  are  ornamented  — 
the  simple  geometric  line  patterns  common  to  many  ]irimitiTe  races — 
are  also  evidences  of  their  great  age.  They  vary  in  dimensions  from 
1  or  2  inches  to  5^  feet  in  lieight,  those  measuring  1  foot  6  inches  to  3 
feet  being  most  common,  and  all  are  of  extreme  thinness  compared  with 
their  size.  Their  exact  use  is  still  a  subject  of  dispute  among  arcbse- 
okigists. 

The  example  shown  in  the  illnstration  (PI.  LXIV)  measurea  4  feet  6 
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inches  in  height  and  1  foot  S  inches  in  diameter  at  the  base,  and  does 
uot  exceed  three-sixteenthH  of  an  inch  in  thickness.  It  is  an  excellent 
casting,  and  must  have  been  cast  in  a  heated  mold. 

SEVENTH   AND  KIQBTH   CENTUBIE8  A.   D. 

Two  events  of  marked  importance  in  Japanese  annals,  on  account  of 
their  intlueooe  on  the  development  of  the  arts  and  culture,  odiurred 
darii>g  this  period.  Buddhism,  vhich  had  been  iutrodaced  alx>ut  552 
A.  1).,  had  been  a(topt«d  as  the  religion  of  the  country  through  the 
energy  and  enthusiasm  of  Prince  Shotokn  Taishi  (593-621  A.  D.),  and  a 
fixed  capital  and  court  had,  for  the  first  time  in  Japanese  history,  been 
established  at  Nara  (709  A.  D.).  These  two  centuries  form  a  brilliant 
epoch  in  the  history  of  the  art  of  bronze  founding,  as  in  that  of  the 
sister  arts  of  painting  and  sculpture.  Numerous  temples — some  on  a 
scale  of  great  magnificence — were  erected  for  the  services  of  tlie  new 
religion,  and  the  skill  of  both  native  and  foreign  workers  in  brouze  was 
specially  enlisted  for  their  decoration,  as  well  as  for  the  production  of 
statues  of  the  divinities  of  Buddhism  and  of  vessels  for  the  ceremonies 
of  its  ritual. 

Stimulated  and  snpiwrted  by  the  priesthood  in  their  efforts  to  produce 
objects  worthy  of  the  services  of  the  chnrch,  the  bronze  founders 
achieved  results  in  those  early  times  which  have  uot  since  been  sur- 
passed. Unfortunately  mauy  of  their  works  have  been  destroyed  by 
condagrations  and  in  the  frequent  spohation  of  the  temples  during  civil 
wars,  but  a  few  have  been  pteserved  which  are  masterpieces  of  the  art 
of  the  modeler  and  founder. 

Many  tales  record  theenthusiasm  with  which  the  foanders  of  the  time 
were  supjwrted  by  their  patrons  and  of  the  stubborn  manner  in  which, 
after  many  repeated  failures,  they  overcame  the  difficulties  wh '.  ;b  beset 
them.  The  Empress  Koken  (749-758)  herself  is  said  to  have  nded  the 
fouuders  in  stirring  the  molten  metal  for  a  statue  of  a  BuddhkJt  saint, 
which  was  only  completed  after  six  nnsuccessfal  attempts.  TLe  devel- 
opment of  bronze  founding  and  the  encouragement  of  its  artist  d  during 
this  period  was  entirely  due  to  Buddhism,  and  even  for  many  centuries 
later  the  chief  works  of  the  art  founders  were  executed  for  the  adornmeot 
of  its  shrines.  The  survival  of  most  of  the  older  bronzes  is  also  solely 
due  to  the  care  with  which  they  have  been  preserved  in  temples  and 
monasteries  by  the  priests  of  that  religion. 

Japanese  records  and  triuhtions  relating  to  the  works  of  art  of  this 
epoch,  whether  of  the  painter,  sculptor,  or  founder,  invariably  speak  of 
the  help  afforded  in  their  production  by  Korean  or  Chinese  artists,  and 
not  a  few  of  the  ancient  examples  which  survive  are  even  attaibat«d 
solely  to  them. 

It  is  very  difficult  to  determine  bow  fkr  these  traditions  relating  to 
Koiean  artists  are  trustworthy,  as  no  traces  of  similar  works  have  been 
found  in  Korea  itself;  yet  they  all  present  sncb  a  close  agreement  on 
the  point,  that  we  are  almost  compelled  to  acknowledge  that,  if  not 
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perhaps  true  in  the  details  they  give  of  iiidividnal  artists,  yet,  broadly 
speaking,  ihey  may  be  based  on  fa<it6,  and  that  the  Japanese  uwe  to 
Koreans,  or  probably  rather  to  Chinese  who  may  have  cotne  through 
Korea,  the  first  great  advances  which  they  made  in  the  casting  of  bronze. 

Besides  the  induence  which  the  neighboring  countries — China  and 
Korea — had  on  the  technique  and  motives  of  the  Japanese  bronze  foun- 
der, we  have  also  abnndaut  evidenceof  the  influence  of  the  art  of  more 
distant  regions.  Among  the  treasures  of  the  temple  Horynji  (near 
Sara,  Yamato)  are  several  Indian  stataes  in  bronze  of  Buddhist  saints 
and  deities,  and  a  curions  ewer,  which  are  said  to  have  been  in  the  i>os- 
session  of  the  temple  from  tlie  date  of  its  erection  in  the  early  part  of 
the  seventh  century.  The  characteristic  pose  of  the  figures,  the  model- 
ing of  their  features,  and  their  jeweled  headdresses  have  been  fre- 
quently copied  with  more  or  less  modification,  and  can  be  distinctly 
traced  in  many  ancient  JapaneHe  statues,  as  well  as  in  some  of  com- 
paratively modern  times.  The  ewer,  a  bronze  casting  of  graceful  form, 
is  decorated  with  figures  of  winged  horses  of  the  form  of  the  Pegasus 
of  the  ancients.  According  to  Longperier  (Gonse, "  L'Art  Japonais")  it 
is  undonbtedly  Sassanian  and  of  earlier  date  than  the  seventh  cen- 
tury. An  illnstration  is  given  of  it  in  the  "  Handbook  "  of  the  ancient 
articles  in  the  temple  Horynji,  which  will  be  found  on  the  table.  This 
ewer  is  of  special  interest,  as,  by  the  kindness  of  my  friend  Mr.  Alfred 
Cock,  I  am  able  to  show  you  a  bronze  incense  burner,  which  has  been 
modeled  probably  during  the  last  century  from  one  of  the  pegasi  with 
which  it  is  ornamented.  Other  bronzes  of  foreign  origin  are  also  to  be 
seen  in  the  treasure  houses  of  several  of  the  an<tient  temples  in  Yamato. 

During  theepoch,  especially  that  part  of  it  which  baa  been  styled  the 
"Nara  period"  (the  seven  reigns  during  which  Nara  was  the  capital, 
709-784),  the  great  development  in  bronze  founding  was  not  the  only 
advance  made  in  the  working  of  metals,  but  the  art  of  incised  and 
repouss^  work  in  gilt  copper,  which  had  been  priwticed  during  the 
early  Iron  age,  was  brought  to  a  stage  of  perfection  beyond  which  it 
has  never  passed.  A  specimen  of  this  work  will  be  found  on  the  table, 
and  others  are  illustrated  in  the  colored  plates  near  it. 

The  examples  contained  in  the  following  list  1  have  selected  as  rep- 
resentative specimens  of  the  art  of  bronze  founding  daring  this  period 
(seventh  and  eighth  centnries). 

I>ate  690  to  703  A.  D. — Three  bronze  figures  representing  a  Buddhist 
trinity — Amitftbha,  Kwanyin,  and  Mahasthama — that  of  Amiriibha 
being  aboot  9  feet  ill  height.  They  resemble  the  Indian  examples  at 
Horynji  in  being  originally  gilt,  but  the  bronze  of  which  they  consist 
is  of  a  different  composition,  not  conttunlng  zinc  as  an  essential  con- 
stituent. 

Date  690  to  702  A.  iK — A  colored  seate<l  image  of  Yakushi  (the  heal- 
ing divinity),  about  6  feet  high,  with  two  attendant  deities,  ciiHt  of  a 
copper-tin -lead  ttronze. 

All  the  above  are  in  the  temple  Yukushiji  in  Nara.     Illustrations  of 
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the  latter  group  are  given  ia  two  plates  from  the  Pictorial   Arts  of 
Japan,  by  Prof.  J.  W.  AtLdersou,  -which  are  on  the  table. 

Date  70S  A.  D. — A  spherical  box  of  gilt  bronze,  bearing  this  date, 
which  was  found  in  a  atone  sarcophagus  at  Ten-d-ji,  near  Osaka,  is  inter- 
esting, as  it  is  probably  the  oldest  dated  piece  of  Japanese  metal  work 
in  the  country. 

Date  708  A.  D. — Bronze  coins,  "  Wadd-zeni,"  the  earliest  coinage  in 
Japan  of  which  there  is  any  record.  According  to  Japanese  histories 
copper  is  said  to  have  been  discovered  in  the  country  only  in  698  A.  D„ 
but  the  accuracy  of  this  statement,  for  many  reasons,  is  open  to  donbt, 
and  the  discovery  chronicled  donbtless  only  relates  to  tfae  finding  of 
deposits  of  ore  of  more  than  usual  extent  and  richness.  The  issue  of 
this  coinage,  which  was  cast  fW>m  copper  from  these  deposits,  was 
regarded  as  an  event  of  great  national  importance,  and  to  commemo- 
rate it  the  "nen-go,"  or  name  of  the  period  by  which  the  series  of  years 
are  distinguished  in  Japanese  chronology,  was  altered  to  "Wa-dA,** 
which  signifies  Japanese  copper.  Besides  these  there  were  three  other 
distinct  coinages  during  this  century. 

Date  733  A.  JJ.— The  great  bronze  bell  of  the  temple  Todaiji,  in  Kara. 
Its  approximate  dimensions  are,  height,  13  feet;  diameter,  9  feet;  thick- 
ness, 8  to  10  inches.  Its  weight  can  not  be  easily  determined,  as  its 
thickness  is  variable,  bnt  at  the  lowest  estimate  can  not  be  mach  less 
than  40  tons. 

Date  749  A.  D. — Colossal  image  of  Rochana  or  Vairotchana,  in  the 
temple  of  Toda^i,  commonly  known  as  the  Kara  Daihatsu. 

This  is  the  largest  bronze  figure  in  the  country.  It  has  not,  however, 
been  cast  in  one  piece,  bnt  is  constructed  chiefly  of  numeroos  pieces  of 
comparatively  small  size.  Some  of  the  lower  portions  have  been  cast 
by  building  up  tlie  mold  on  the  parts  already  finished,  but  the  greater 
part  of  the  image  consists  of  separate  castings,  which  have  been  united 
by  running  in  an  alloy  containing  large  proportions  of  tin  and  lead 
between  their  edges. 

The  following  dimensions  are  those  given  on  awood  engraving  of  the 
image — one  of  which  is  exhibited — sold  by  the  priests  of  the  temple,  and 
may  be  considered  as  only  approximately  accnrate:  Height,  53.2  feet; 
bremlth  of  face,  9.4  feet;  length  of  eye,  3.9  feet;  thickness,  variable, 
3  to  12  inches. 

The  figure  is  seated  on  a  hnge  lotus  fiower  with  fifty-six  external 
petals,  each  of  which  measures  10  feet  6  inches  by  Q  feet,  and  appears 
to  be  a  single  casting.  Twice  it  has  been  partially  destroyed  by  con- 
flagrations and  once  by  an  earthqaake.  The  present  head,  cast  in  tbe 
sixteenth  centnry,  is  extremely  ugly,  destitute  of  any  trace  of  tbe  j 
grace  and  refined  expression  of  the  earlier  statues,  and  not  at  all  in 
harmony  with  tbe  ancient  parts  of  the  figure. 

The  authorities  of  the  temple  state  that  the  image  is  composed  of     I 
"shakudo"  (a  copper  alloy  containing  gold).   They  also  give  the  weights 
of  the  copper,  tin,  gold,  and  mercury,  which  were  used  in  casting  it,  and     < 
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t-hese  etateinenta  Uave  been  repeated  by  many  writera.  They  are  alto- 
gether without  any  fonudation  in  fact.  I  have  bad  many  opportaiiities 
of  examining  it,  and  altbongh  I  never  sncceeded  in  getting  a  portion 
for  analysis,  yet  from  the  streak,  liardness,  and  color  of  the  metal  it  is 
nndoabtedly  a  variety  of  "  karakane"  (a  copper-tin-lead  alloy),  and  the 
gold  and  mercury  said  to  have  been  used  in  its  manufacture  were  sim- 
ply employed  for  gilding  its  surface  and  not  ob  constituents  of  the  alloy 
of  which  it  is  east.  Four  hundred  and  fifty  tons  of  metal  are  said  to 
have  been  used  in  its  construction.  If  its  average  thickness  is  as 
much  as  7  inches,  and  it  is  probably  less,  its  weight  mast  be  less  than 
300  tons.  The  two  following  objects  are  examples  of  the  smaller  works 
of  the  period : 

Date  749  A.  D. — Bronze  bell,  with  curious  ornsmeutal  tongue,  now  in 
the  temple  Todajji  (Kara).  Dated  2d  day,5tb  month,  Ist  year  Tembyo 
Shu-ho.  This  is  of  importance,  as  it  is  another  of  the  earliest  bronzes 
which  bears  a  date,  but,  nnfoftunately,  no  artist's  name. 

Date  eighth  century, — Lantern  of  bronze  and  incised  gilt  copper  in  the 
coartyard  of  the  »ame  temple.  Its  eight  sides  are  decorated  with  Bud- 
dhist figures,  conventional  representations  of  hiircs  and  other  animals, 
and  flue  arabes^iues  in  open  work.  A  photograph  of  this  lantern  is 
exhibited. 

A  gong-sbaped  bell,  suspended  between  two  well-modeled  dragons 
belonging  to  tlie  temple  Ko-bukn-Ji,  in  Nara,  is  attributed  to  this  period. 

A  Baddhist  image  from  the  collection  of  M.  Bing,  of  Paris,  of  the 
the  same  period. 

PBOM  THE  BEOINNIKO  OF  THE  NINTH  TO  THE  END  OF  THE  TWELFTH 
CENTURY. 

Near  the  close  of  the  preceding  eiH>ch  the  court  was  removed  to  the 
city  of  Kioto,  which  from  that  time  (794  A.  D.)  up  to  1S4>S  continued  to 
be  the  imperial  capital.  This  removal  of  the  court  was  a  severe  blow 
to  the  art  life  of  the  ancient  city;  and  tlie  works  and  traditions  of  its 
old  bronze  fonnderM  soon  ai>pear  to  have  been  forgotten  or  neglected  in 
the  new  metropolis. 

From  the  beginning  of  the  ninth  until  near  the  end  of  the  twelfth 
century,  a  space  of  nearly  four  hundred  years,  we  have  a  ]>6riod  of  stag- 
nation if  not  of  decadence  in  all  art,  yet,  strange  to  say,  it  embraces 
the  gulden  age  of  literature,  during  which  tlie  ftimous  clas.sical  romances 
were  written.  Its  flrnt  half,  as  shown  by  these  romances,  was  marked 
by  effeminacy;  during  its  second  the  country  was  plunged  in  civil  war. 
The  romances  gives  ua  but  little  information  of  the  individual  and  art 
life  of  the  people,  and  the  pages  of  its  historie-s  are  solely  devoted  to 
records  of  the  Jealousies  and  feuds  of  the  great  families  of  Fujiwara, 
Taira,  and  Minamoto. 

Until  near  its  termination  we  have  no  re<.^ord  of  the  erection  of  any 
temple  of  note  or  of  the  esecution  of  any  great  art  work;  and  I  have 
been  unable  to  find  any  cxainplcB  of  the  art  of  t|he  bronze  foujtder 
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during  tbe  entire  period,  excepting  two  insignificant  boxes  for  bolding 
seals  (diiteil  respectively  998  and  1098  A.  D.)  asd  nine  distinct  oun- 
ages  of  bronze  money  (from  SIO  to  958  A.  D.).  After  this  last  date  even 
the  coinage  of  money  appears  to  cease,  and  is  not  resumed  until  1457 
A.  D. — five  hundred  years  afterwards. 

THIRTEENTH  CUNTDBT. 

During  the  last  years  of  the  twelfth  century,  when  peace  was  estab- 
lished tbroughout  the  country  by  the  victories  of  Yoritomo,  there  are 
the  first  signs  of  a  revival  of  the  old  art  of  the  Nara  period.  From 
1190  A.  D.  up  to  the  date  of  his  death  (1198  A.  D.),  this  remarkable 
warrior  devoted  all  his  energies  to  the  cultivation  and  advancement 
of  the  arts  of  peace.  Stimulated  by  bis  example  and  enthusiasm,  the 
artistic  spirit  of  tbc  people  was  aroused  from  ita  dormant  condition, 
and  for  nearly  a  hundred  years  we  have  a  notable  period  of  renaissance 
in  art,  a  period  chiefly  remarkable  in  the  history  of  bronze  for  the 
casting  of  that  magnificent  masterpiece  the  colossal  image  of  Amit- 
Sbha,  usually  called  the  Daibutsu  of  Kamakur^^  This  image,  one  of  the 
finest  examples  of  bronze  founding,  cau  not  be  adefjuately  described 
by  any  word  painting;  it  must  be  actually  seen  in  the  midst  of  its 
grove  of  conifers  and  evergreens  to  appreciate  fully  its  grandeur  and 
beauty,  its  soberness  of  design,  and  noble  expressiou  of  majesty  and 
repose.  It  stands  alone  and  incomparable  among  all  the  chefs  dVnvre 
of  Japanese  bronze  founders. 

Although  slightly  smaller  than  the  great  Buddha  of  Nara,  it  far 
excels  it  in  artistic  execution.  Like  it  it  has  been  cast  iu  segments, 
but  these  have  been  "burned  togetber"  with  bronze  of  similar  compo- 
sition to  that  of  the  image  itself,  the  exterior  of  the  joints  having  been 
subsequently  finished  by  chiseling. 

Japanese  histories  relate  that  it  was  cast  about  the  middle  of  the 
tbirteeuth  century  (begun  1252  A.  D.)  by  Ono  Goroyemon,  one  of  the 
first  bronze  founders  whose  name  is  recorded.  Its  dimensions,  taken 
from  a  woodcut  sold  to  pilgrims  who  visit  its  shrine,  are  as  follows: 
Height,  49  feet  7  inches;  length  of  face,  8  feet  6  inches;  breadth  from 
knee  to  knee,  35  feet  8  inches. 

The  measurements  of  both  this  and  the  Nara  Buddha,  however, 
require  revision;  the  heights  in  both  cases  are,  I  think,  exaggerated, 
and  should  have  6  or  7  feet  deducted  from  tbem.  Its  thickness  is  vari- 
able, ranging  from  Ij  inches  to  3  or  4  inches,  or  even  more  in  some  of 
the  castings,  and  its  weight  will  not  probably  exceed  150  tons. 

Other  bronze  images  of  the  divinities  of  the  Buddhist  hierarchy,  of 
less  colossal  proportions  and  of  varying  degrees  of  excellence,  were 
made  for  the  temples  of  Yamato  and  Kioto,  one  of  the  chief  groups 
being  a  trinity  for  tbe  ancient  monastery  Horytyi.  Several  bells  were 
also  cast,  one  at  Eamakura  being  worthy  of  note,  as  the  record  given 
of  it  indicates  the  source  of  the  metal  fh)m  which  they  were  occasion- 
ally made.     It  is  said  that  300,000  copper  coins,  which  had  been 
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collected  by  tbe  priests  of  the  temple,  were  melted  down  for  caHtiug  it, 
and  the  metal  being  inHnfflcient,  the  casting  was  a  failure;  30,(HH>  more 
coins  were  tben  collected  for  addition  to  the  defevtire  bell,  when  it  was 
remelted.  It  is  also  recorded  that  copper  coins  were  similarly  melted 
Dp  for  casting  Buddhist  images  and  ornatneDtal  utensils,  hence  it  would 
appear  that  it  was  not  then  deemed  necessary  to  use  a  difi'erent  alloy 
for  bells  and  art  castings  than  for  coins. 

POUBTE£NTH  AND  PIPTEBMTS  CENTUBIES. 

During  the  lourteeutb  and  fifteenth  centuries  we  have  again  a  period 
of  decadence,  with  the  exception  of  two  short  brilliant  in tervals,  the  first 
during  the  supremacy  of  the  Ashikaga  Shognn,  Yoshimitsu  (1368-1493 
A.  D.),  and  the  second  during  thatof  Ashikaga  losbimasa  ( 1440-1471  A. 
!>.)■  For  the  greater  part  of  this  period  the  country  was  again  in  a  state 
of  nnrest  and  intestine  conflict,  and  the  arts  of  peace  found  but  little 
encouragement,  excepting  so  far  as  they  contributed  to  the  ix-eds  of  war. 

Workers  in  iron  are  brilliantly  represented  by  one  of  the  greatest  of 
the  famous  forgers  ot  sword  blmles,  Masamuue,  and  by  several  dis- 
tinguished armorers  and  smiths  of  the  renowned  Miocbin  family;  but 
the  bronze  founder  was  not  in  request.  His  chief  work  during  these 
two  centuries  was  a  colossal  figure  of  the  Buddha  VairOtehana,  cast 
daring  the  time  of  Yoshimasa  for  the  temple  at  Hase  (Kamakura).  I 
have  not  seen  this  image,  but  it  is  said  to  be  an  admirable  casting  and 
to  measure  30  feet  C  inches  in  height. 

Two  bronzes  which  were  exhibited  at  Nara  in  1S$8  represent  the 
smaller  castings  of  tbe  period,  one  an  incense  burner,  which  was  pre- 
sented by  the  hero  Kusunoki  Masa-shige  (first  half  of  the  fourteenth 
century)  to  the  temple  at  Base  (Yamato),  and  a  war  bell  also  given  by 
him  to  the  Emperor  Godaigo. 

(ilXTBENTH  OENTUET. 

In  the  last  decade  of  this  century,  after  another  |ieriod  of  civil  war, 
the  patron  of  art  and  culture  is  again  a  famous  warrior,  Hideyoshi 
(often  known  as  Taiko  8ania).  Although  then  engaged  in  war  with 
Korea,  the  closing  years  of  his  life  were  devoted  to  peaceful  pursnits  at 
home,  and  in  imitation  of  Yoritomo  at  Kamakuru,  he  erected  a  huge 
Buddha  and  a  temple  to  contain  it  at  Kioto.  On  the  destruction  of 
the  image,  which  was  of  wood,  by  an  earthquake  only  eight  years  after 
its  erection,  he  contemplated  replacing  it  by  one  of  bronze,  but  the 
execution  of  this  was  delayed  by  his  death  (15'J8  A,  D,),  and  was  only 
accomplished  by  his  son  and  widow  sixteen  years  alterwards. 

No  large  bronzes  of  importance  appear  to  have  been  cast  during  this 
century.  Two  specimens  of  the  smaller  bronzes  are  exhibited,  one  a 
a  figure  of  Yaknshi  (the  healing  divinity),  belonging  to  my  fnend  Mr. 
Alfred  Cock,  in  which  tlie  deity  is  represented  holding  a  crystal  ball,  an 
emblem  of  piirity,iii  his  left  hiiud.  It  bears  the  names  of  itsdedicators 
to  the  temple  and  the  date  1D61). 
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The  other  is  a  bell  of  the  form  kuovn  as  "  waoi^chi,^  crowned  with 
the  figure  of  a  tortoise  encircled  by  the  coils  of  a  snake,  kindly  lent  by 
my  friend  Mr.  Harding  Smith.  It  also  bears  the  nameof  its  dedicator 
and  the  date  1393. 

Several  specimens  of  dedicatory  bronzes  of  this  time  are  to  be  found 
not  only  in  Buddhisttemples  but  alsoin  Shinto  shiines.  Two  examples 
of  the  latter  may  be  mentioned,  although  they  are  notable  rather  for 
the  fame  of  their  donors  than  for  their  artistic  excellence;  a  gigantic 
bell  of  similar  form  to  the  last  offered  by  Hideyoshl  to  the  Shinto  shrine 
at  Nachi  (Kyushn)  and  a  large  mirror  (3  feet  diameter)  dedicated  t« 
the  TeojiQ  Miya at  Kitano (Kioto)  by  Eato  Eiyomasa, oneof  HideyoBbPs 
noted  generals  in  the  Korean  campaign. 

I  can  not  omit  to  show  yon  on  the  screen  a  magniflcent  bronze  in  tbe 
famous  Cernuschi  collection  in  Paris,  which  is  attributed  to  this  period. 
It  is  supported  on  a  pedestal  of  rich  open  work,  and  is  decorated  with 
gourds  and  an  heraldic  representation  of  the  leaf  and  flowers  of  the 
Paulownia  imperialis. 

Another  splendid  example  of  "  cera  perdttta"  casting  of  this  period 
is  a  group  of  egrets,  standing  upon  an  inverted  lotus  leaf,  which  has 
been  kindly  lent  by  my  friend  Mr.  Alfred  Cock. 

SETENTEENTH   CEI4TUBY  AMD  FIBST  HALF  OF  THE  EiaHTEENTB. 

In  1603  Tokugawa  lyeyasu,  a  man  of  remarkable  ability,  both  as  a 
warrior  and  as  a  statesman,  succeeded  to  tbe  ShOgunate,-  and  by  his 
wisdom  and  foresight  established  on  firm  foundations  the  Japanese 
system  of  feudalism,  which,  under  the  rule  of  his  successors,  gave 
absolute  peace  to  the  country  for  more  than  two  and  a  half  centuries, 
and  resulted  in  an  advance  and  development  of  the  arts  unparalleled 
in  any  previous  age. 

Dimng  the  supremacy  of  these  Tokngawa  Sbdgnns,  the  painter,  the 
lacquerer,  the  potter,  and  the  founder  were  encouraged  and  stimulated 
as  they  had  never  been  before  to  bring  their  respective  arts  to  the  high- 
est point  of  excellence;  and  it  is  in  no  small  degreeowing  to  the  works 
which  they  produced  during  this  period  that  Japan  owes  tbe  promi- 
nent position  which  she  now  so  deservedly  occupies  in  the  world  of  art 

The  first  great  works  of  the  bronze  founders  of  the  seveoteetith 
century  were  a  colossal  figure  of  the  Buddhist  divinity  Bochaua,  in 
Kioto,  to  rejilace  the  wooden  image  destroyed  by  an  earthquake  in  the 
previous  century,  and  a  huge  bell  for  its  temple. 

The  figure  is  said  to  have  been  58J  feet  high,  and  from  the  records 
regarding  the  first  attempt  to  cast  it,  it  would  appear  that  it  was  cast 
iu  situ  and  in  segments,  the  mold  being  bailt  up  on  the  parts  already 
finished.  It  would  thus,  when  completed,  have  been  practically  a> 
single  piece  of  metal.  This  attempt  was  a  failure,  as  when  casting 
the  lower  part  of  the  head  the  wooden  scaffoldiug  was  set  on  fire 
by  the  operations  and  the  image  partly  melted.  It  was  successfully 
wmpieted  in  1614,  but  only  forty-eight  years  afterwardB,-Ukeite  jrooden 
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predecessor,  it  *as  destroyed  by  aa  e&rtbqaake.  According  to  official 
records  its  fragments  were  melted  in  1008-1683  and  cast  into  the 
bronze  coins  (Kwaii-ei-tsa-lio)  then  carrent.' 

This  record  is  interesting,  as  it  aft'ords  another  proof  that  tlie  alloy 
nsed  by  bronze  foanders  did  not  differ  mach  io  composition,  if  at  all, 
from  that  in  use  at  the  time  in  the  mints  for  coins.  I  have  analyzed 
these  coins,  with  the  following  results:  Iiidividnal  coins  differed  con 
siderably  from  one  anotlier  in  composition,  the  pen;entage  of  copper 
present  varjing  from  69.8  to  86.8,  a  variation  not  greater,  liowever, 
than  might  be  expected  from  the  nature  of  the  alloy  and  the  mode  in 
which  it  was  cast.  Hence,  in  order  to  ascertain  their  average  composi- 
tion, 7,600  pieces  were  melted  together,  and  the  resulting  metal  was 
analyzed  and  fonnd  to  consist  of — 


Copper., 
Tin 


Lead 

Antimony . . 


77.30     Iron 1.01 

4.82     Silver 0.06 

15.33     Sulpbar 0.53 

1,14     Gold Trftc*. 

0.31                                                                  

Nil.  i            Total 99.99 

We  may  hence  not  nnreasouably  conclude  that  this  represents, 
approximately,  the  comi>oHition  of  the  alloy  which  was  used  for 
casting  the  colossal  Buddha. 

The  bell  ia  the  largest  in 
Japan.  Its  dimensions  are,  ap- 
proximately, height,  14  feet; 
extemaldiameterat  the  mouth, 
9  feet;  thickness  at  the  rim, 
10|  inches.  In  section  these 
bells  differ  from  European 
form  ill  having  the  rim  thick- 
ened internally,  so  that  their 
mouths  are  cnnstrictetl.  (Fig. 
1.)  And  it  is  this  conKtric- 
tion  which  causes  the  gentle 
rising  and  falling  tones  which 
characterize  tlie  boom  of  all 
Japannese  bells.  It  is  hardly 
■  necessary  U)  mention  tliat 
these  bells  are  not  swnng, 
neither  are  they  farnished 
with  tongues,  but  are  rung  by 
striking  the  outside  by  means 
of  a  beam  of  wood  susjtended  BKCTicm  of  tkmpi,k  bbu.. 

from    the  bell  tower  and  swung   like  a  battering  ram.    The  point 
struck  is  a  low  boss,  which  sometimes  has  the  form  of  a  lotus  flower. 

'Tliere  ia  aDothsr  record  of  tbs  conveiaionof  Bnddliiat  ttatoel in coiiu in  1460-UTO 
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Two  other  similar  bells  were  cast  dnriag  the  first  half  of  this  century, 
seveDteeDth,  detaila  of  which  are  givea  io  the  following  table: 


Table  I. — jpproxiBitit*  iimt*»i4)H»,  t 


.,  of /our  of  Iht  largetl  MU  in  Japm». 


Eighth  iwDtary. TodaUi- K*nt  -  -  - : 

1M3  A.D DalbutlD,  Kioto.. 

1(33  A. D '■  Chion. In  Kioto.  . 

ina-lMSA.D '  Zfi>Ji,Tokra.... 


Height. 

'M 

™,^-. 

Approri. 

Ft.    In. 

Ft.  In 

/Rska. 

TIMH. 

« 

U     0 

tt      « 

101 

m 

■* 

•tt 

a  The  «f  ight  dF  thia  b«]l  Is  ottan 


at  by  wHunu7«to 


The  esact  average  thickness  of  these  bells  can  not  be  ascertained 
without  s{>ecial  meaBoremerits,  which  are  not  permitted,  but  it  can  not 
exceed  8  iuchea,  the  thickness  I  have  assumed  for  the  above  calcula- 
tions, and  may  possibly  be  somewhat  less.  The  casting  of  a  large  bell 
in  old  times  in  Japan  was  ati  important  event,  and  was  accompanied  by 
religions  ceremonies  and  popular  rejoicings.  On  the  day  appointed  for 
running  the  metal  into  the  mold  a  grand  festival  was  held  at  the  t-em- 
ple  in  the  grounds  of  which  the  founding  ot^rations  were  performed, 
and  people  of  all  ranks  came  from  far  and  near  with  contribotions,  many 
with  offerings  of  mirrors,  hairpins,  and  metal  ornaments,  to  be  added 
to  the  bronze  in  the  fhrnnces.  On  one  occasion,  that  of  the  foanding 
of  the  great  bell  of  Zo-jO  ji,  the  Shognn  himself  (lye-mitsn)  was  not 
only  present,  bnt  took  part  in  the  direction  of  the  operations.  In 
succeeding  years  the  day  was  not  forgotten,  bat  its  anniversary  was 
celebrated  by  temple  feasts. 

The  fame  and  repute  of  this  "  golden  "  period  in  the  bronze  fonnder's 
art  does  not  however  rest  on  the  above  castiirgs,  which  are  chiefly 
remarkable  for  their  size  and  weight,  bnt  on  those  now  to  be  described, 
many  of  which  are  masterpieces  of  design,  modeling,  and  technical 
skill. 

Tlie  oldest  of  these  are  the  bronzes  cast  for  the  mortuary  chapels  and 
tombs  of  the  early  Tokngawa  Shoguns  and  members  of  their  families. 
At  the  famons  mausoleum  at  Nikku  there  are  some  grand  examples,  one 
of  the  moHt  notable  being  the  temb  of  lyeyasu  (the first  Tokngawa  Sho- 
gun,  died  1C04  A.  D.),  a  fine  casting  in  bronze,  with  bronze  gates,  dis- 
tinguished by  impressive  simplicity  and  chasteness  of  design  (PI.  LXV). 
In  front  of  the  tomb  are  the  three  ceremonial  ornaments  (Sangusokn)  of 
the  Bu<ldhist  altar,  viz,  a  vase,  incense  bnruer,  and  candlestick,  all  of 
the  severe  style  of  the  period. 

The  gates  (PI.  LXVI)  are  splendid  examples  of  bronze  fonnding. 
AlmoHt  their  whole  surface  is  covered  with  delicate  diaper  and  floral 
patterns,  upon  which  ground  the  bolder  ornamentation  is  molded  in  relief 
These  consist  of  representations  of  the  "  cbakra,"  or  Buddhist  wheel  of 
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the  law,  and  floral  destgns,  roost  of  which  are  coated  with  gold.  In 
&ont  are  the  two  fabulous  auiaials  (Koma-inu  and  Ama-i&u)  eupiKwed 
to  represent  lionB. 

The  tomb  of  lyemitsii  (third  Tokawaga  BhAguD,  died  1649  A.  D.) 
closely  resembles  that  of  lyeyasn  in  form,  but  the  reliefs  on  its  bronze 
gates  are  aitnply  Sanscrit  characters  in  medallions.  These  tombs  are 
situated  in  a  grove  behind  the  chapels  and  oratory,  and  their  simiilicity 
presents  a  striking  contrast  to  the  inagnilicence  of  these  edifices,  which 
are  the  moat  richly  decorated  uhrincs  in  the  world.  It  is  said  that  tbeir 
plain  and  simple  design  is  intended  as  a  concrete  expression  of  the 
Boddhist  aphorism  that  '*  at  death  there  is  an  end  to  all  magnificence." 

Nnmeroas  large  standard  lanterns  (toro)  of  bronze  {PI.  LX VII),  con- 
tribated  by  the  territorial  nobles,  who  vied  with  one  another  in  thns  doing 
honor  to  tbeir  departed  chiefs,  line  the  courtyards  of  the  shrines.  Many 
hnndreds  of  these  "tOrO,"  which  were  favorite  votive  offerings  of  the 
wealthy  both  to  Buddhist  temples  and  Shinto  shrines,  were  cast  during 
this  period  of  revival  in  bronze  foaiiding.  They  adorn  the  approaches 
and  grounds  of  every  temple  of  note  in  the  country,  those  of  Zo-jo-ji 
(Tokyo)  alone  nnmber  more  than  two  hundred.' 

Each  group  or  pair  differs  from  any  other,  yet  in  outline  and  decora- 
tion all  are  in  harmony ;  and  if  no  other  examples  of  bronze  founding 
were  in  existence,  the  gracefulness  of  form  and  fertility  of  design  which 
characterizes  all  would  alone  mark  tbeir  modelers  and  founders  as  art- 
ists of  the  first  rank.  It  will  be  noticed  that  both  of  these  in  the  illua- 
tration,  although  of  the  same  general  form,  differ  entirely  in  decoration. 

The  mausolea  of  other  Tokngawa  Shoguns  also  afford  some  fine 
examples  of  the  bronze  founders'  art,  notably  the  tombs  of  lye-tsnna 
{1650-1680),  and  Tsunayoshi  (168]-1708),at  Uyena  {Tokyo),  andof  lye- 
nobu  {1709-1712),  at  Shiba  (Tokyo).  They  are  of  similar  form  to  those 
at  Nikko,  differing  ftom  them  chiefly  in  the  more  elaborate  decoration  of 
their  gates.  Finely  modeled  dragons  and  the  armorial  badge  of  the 
Tokngawas  ornament  the  gates  of  lye-nobu's  tomb,  while  in  the  tomb 
of  Tsanayoshi — who  was  a  noted  patron  of  art — there  is  still  a  farther 
departure  fi'om  the  simjtle  style  of  earlier  times,  the  symbolical  combi- 
nations of  the  fabulous  nnicom  (Kirin )  and  pine  tree,  the  phwnix  (IIOo) 
and  panlownia,  and  6f  the  pine,  bamboo,  and  plum  being  perhaps 
almost  too  lavishly  employed. 

Another  important  bronze  at  Nikko,  representative  of  the  t>erio<l,  is 
a  bronze  column  (1649  A.  D.),  termed  so-rin-to,  42  feet  in  height,  a  form 
of  the  Indian  "stnpa,''as  introduced  into  Japan  through  Ubiua.  Before 
removal  to  its  present  site  it  stood  near  the  tomb  of  lyeyasu,  and  was 
doubtless  erected  there  in  accordance  with  the  Chinese  superstitious 
beliefs  in  the  efficacy  of  such  structures  in  warding  off  evil  influences 
and  insuring  the  protection  of  Heaven.    Besides  these,  four  huge  lotus 

I  Presented  to  the  t^hugaas  lyetaugu  (1716)  and  lyu-ahigo  (1762)  by  the  territorial 
nobility. 
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petals,  for  the  base  of  the  image  of  the  Daibntsa  at  Eamakara,  were 
cast  at  the  beginning  of  the  eighteenth  century  (1717).  A  small  bronze 
of  the  seventeenth  century  I  am  enabled  to  show  yon  tbroagb  the  kiud- 
neB8  of  Mr.  W.  Cleverly  Alexander;  it  is  an  incense  bnrner,  in  the 
form  of  two  rats,  by  Meiho.  Also  a  candlestick  for  the  Buddhist  altar, 
decorated  with  a  dragon  coiled  round  its  stem,  &om  the  collection  of 
Mr.  Alfred  Cock.  Two  other  candlesticks  of  the  seventh  century,  or 
probably  earlier,  have  been  kindly  lent  by  Mr.  E.  W.  Heunell. 

FROM     THE     MIDDLE    OP    THE    EIGHTEENTH     CENTDEY  UP    TO    THB 
PBESENT  TIME. 

Hitherto  the  skill  of  the  bronze  founders  bad  been  chiefly  esert«d  in 
the  prodnction  of  colossal  images  and  other  bnge  castmgs  for  the  tem- 
ple of  Buddha,  and  in  giving  a  severe  beauty  to  the  forms  and  orna- 
ments of  utensils  and  implements  for  ceremonial  purposes;  but  daring 
this  period,  with  the  continuation  of  peace,  their  art  found  a  wideir 
range  in  the  designing  of  objects  for  secular  use  for  the  decoration  of 
the  home  and  the  everyday  needs  of  life. 

Shortly  before,  the  okimono,  or  ornament,  a  thing  of  no  practical 
utility,  bnt  only  of  display,  had  been'  introduced,  and  this  specially 
opened  up  to  the  artist  a  ricb  and  unlimited  field  for  the  exercise  of  hta 
ingenuity  and  skill  in  the  art  of  omameut  and  design.  The  vase,  too, 
formerly  used  only  as  a  ceremonial  vessel  of  the  Buddhist  altar,  now 
became  a  necessary  object  for  the  adornment  of  private  life,  and  iu  its 
form  and  decoration  the  artist  was  no  longer  hampered  by  the  old  tradi- 
tions and  rules  of  the  church.  The  founders  of  this  period  hence  are 
not  chiefly  notable,  as  in  earlier  times,  for  the  works  destined  for  the 
services  of  Buddhism  or  the  embellishment  of  its  shrines,  althoug^h 
many  remarkable  castings  were  made,  principally  standard  lanterns, 
dedicated  as  votive  offerings  to  temples  and  monasteries,  and  torii,  or 
gateways  of  Shinto  shrines,  but  owe  their  world -wide  fame  to  the  skill 
and  fertility  of  design  exhibited  in  the  objects  above  mentioned  for 
household  use,  many  of  which  are  masterpieces  of  form  and  ornament. 
The  following  characteristic  examples  of  Buddhist  art  can  not,  however, 
be  omitted  from  my  account  of  this  period: 

Date  1736  A.  D. — A  fine  image  of  Sakya-muni,  in  the  grounds  of 
ZojOji  (Tokyo). 

Date  1765  A.  D. — A  colossal  figure  of  Kwanyin,  9  to  10  feet  higL, 
near  the  post  tovrn  of  Futagawa,  on  the  Tokaidi). 

Date  1778  A.  D.—An  image  of  Sakya-muni  (7  to  8  feet  bight),  in  the 
courtyard  of  Jo-shin-Ji,  Tokyo. 

End  of  eighteenth  century. — An  image  of  AmitAbfaa.  formerly  at  Megnro, 
near  Tokyo,  now  in  the  Cerauscbi  collection  (Paris).  Height  fhim  the 
base  of  the  lotus  flower  to  the  top  of  the  nimbus  I'l  feet  9  inches. 

A  figure  of  AmitSbha,  seated  on  a  lotus  flower  (date  1772),  lent  by 
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Mr.  Alfred  CkKik,  is  an  excellent  example  of  the  Bnddhist  art  of  the 
period. 

The  period  ie  also  marked  by  an  important  naturalistic  monament 
in  the  scbools  of  both  pictorial  and  glyptic  art. 

They  had  up  to  this  time  followed  the  older  men  in  basing  their 
designs  on  the  traditioue  of  Buddhism  and  the  forms  and  motives  of 
Chinese  and  occasiooally  of  Indian  art,  but  now  they  began  to  break 
away  fW>m  the  trammels  by  which  tliey  were  bound  to  theise  old  con- 
veutional  forms  and  motives,  and  to  go  to  nature  for  their  inspirations 
and  models. 

It  shonld,  however,  be  remembered  that  much  as  the  vorks,  espe- 
cially of  Chinese  artjsts,  were  admired,  mere  slavish  copies  were  never 
or  rarely  made  of  them ;  thus  in  the  bronzes  even  of  the  early  days,  the 
figures  of  Buddhist  divinities,  there  is  a  serenity  of  expression  and 
graceful  arrangement  of  drapery  which  we  look  for  in  vain  in  the  mas- 
terpieces of  Chinese  art.  Nearly  contemporaneous  with  the  establish 
ment  of  the  Shijo-rui — the  school  of  naturalistic  painting — in  Kioto, 
by  the  fomoaa  painter  Okyo,  we  find  the  art  founders  adopting  these 
new  motives  and  new  modes  of  representing  the  old.  Stiff  geometric 
designs  give  place  to  those  based  on  natural  forms,  and  even  in  repre- 
sentatious  of  the  mythical  dragon  we  see,  aw  has  been  i>ointed  out  by 
Professor  Anderson,  "distinct  evidences  of  direct  study  of  snake  form." 

Students  of  natural  objects,  of  plant  and  animal  life,  wei'e  now  made, 
the  designs  of  the  naturalistic  painters  were  followed,  and  an  impulse 
was  given  to  the  art  of  bronze  fonudiug  greater  than  hud  been  known 
since  the  Nara  period. 

For  a  little  more  than  three-quarters  of  a  century  we  have  another 
golden  age  in  its  history,  during  which  a  succession  of  brilliant  artists, 
distinguished  by  marvelous  technical  skill  and  originality  of  design, 
worthily  maintained  tlie  best  traditions  of  the  founders'  art,  and  Japan 
attained  a  position  in  cera  perduta  casting  which  she  had  never  reached 
before. 

Two  men,  Seimin  and  ToUn,  stand  out  prominently  during  the  closing 
years  of  the  last  century  and  the  first  quarter  of  the  present.  Others, 
amongwhom  should  be  mentioned  Hanitoshi,  Eunihisa,  Kameio,Teyo, 
Taiichi,  approach  these  great  masters  in  skill,  even  occasionally  proving 
their  equals.  The  work  of  these  famous  artists  is  well  reprei^eutei]  by 
the  specimens  on  the  table,  the  most  important  of  which  are  from  the 
collections  of  my  friends  Mr.  Alfi-ed  Cock,  Mr.  Mills,  Mr.  Alfred  Par- 
sons, and  Mr.  J.  M.  Swan,  and  by  I'l.  LX  VIII,  fig.  I,  a  group  of  tortoises 
from  the  collection  of  Mr.  J.  M,  Swan,  and  PI.  LXVUI,  flg.  2,  a  brazier 
from  the  collection  of  Mr,  Alfred  Cock. 

In  examining  tlieir  works  it  will  be  noticed  that,  as  among  the  paint- 
ers, several  were  specially  distinguished  for  their  skill  in  the  repre- 
aentatiou  of  certain  motives — Sosen  as  a  painter  of  moukeya,  Qauku 
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of  tigers,  Okyo  of  carp,  ete. — so  amoDg  the  foandere  several  are 
similarly  renowned;  thus  Seiniiii  chiefly  owes  hia  fame  to  the  perfect 
modeling  of  his  tortoises,  Toiin  Somia  for  the  vigor  and  life  expressed 
in  their -dragons,  aod  Kam^o  for  the  delicate  and  truthfiil  rendering  of 
her  qaails.  It  is  needless  to  say  that  they  did  not  confine  themselves 
to  these,  hut  executed  other  works  not  less  demonstrative  of  their  skill. 

The  human  figure,  however,  does  not  fortu  part  of  their  naturalistic 
studies.  The  forms  and  inovemeuts  of  lower  animal  life  are  expressed 
with  a  truthfulness  which  has  never  heen  surpassed,  but  in  representing 
man  they  Keem  rarely  to  have  I>een  ahle  to  tree  themselves  froui  the 
conventionalities  of  the  art  dogmas  of  the  old  Sinico-Japanese  schools, 
and  seldom  show  even  traces  of  that  close  observation  of  nature  which 
characterizes  their  other  works. 

One  of  the  finest  examples  is  a  seated  figure  of  Ban-kurob^  in  the 
garb  of  a  pilgrim,  cast  by  Murata  Knnihisa,  in  1783  rnow  in  the  famous 
Cernnschi  collection,  Paris).     PI.  LXIX. 

Portrait  statues  are  of  extreme  rarity,  those  representing  famous 
personages  being  merely  conventional  creations  which  are  supposed  to 
portray  the  type  or  class  to  which  they  belonged  rather  than  the  indi- 
yiduals  themselves.  This  example  would  seem  to  be  one  in  which  an 
attempt  has  been  made  to  produce  with  truthfulness  a  characteristic 
likeness  of  the  man  whom  it  is  intended  to  commemorate. 

AVith  the  death  of  the  last  representative  of  this  brilliant  group  of 
art  founders  near  the  end  of  the  first  half  of  the  present  century,  the 
art  gradually  passed  into  a  stage  of  decadence,  the  lowest  depths  of 
which  it  but  recently  reached,  and  ttom  which  it  is  only  just  emerging. 

Vast  nnmbers  of  bronzes  have  indeed  been  cast,  but  they  are  too 
often  of  meretricious  design  and  tawdry  ornament,  or  debased  copies 
of  the  creations  of  Seimin,  Toiin,  and  their  distinguished  contempora- 
ries. Fortunately  there  are  a  few  notable  exceptions  to  this  later 
statement.  In  the  first  decades  of  the  second  half  of  this  contnry 
Dosai,  Gido,  SOmin,  Joun,  Tanchosai,  Toryusai,  and  Izan  (specimens  of 
whose  works  are  exhibited)  did  mucli  excellent  work,  and  ably  sustained 
under  considerable  ditticulties  the  reputation  of  their  famous  predeces- 
sors. Among  more  recent  founders,  a  distinguished  position  should  be 
given  to  Suzuki  Chokichi  (now  living),  whose  well-known  maguiScent 
example  of  cera  perduta  casting  is  in  the  South  Kensington  Mosetuu. 
It  in  an  ancient  incense  burner  with  doves  and  peacocks,  the  doves 
especially  being  masterpieces  of  modeling,  and  an  embodiment  in 
bronze  of  tlie  highest  developments  of  the  naturalistic  school,  of  which 
Chokichi  is  un  earnest  and  ardent  follower. 

And  1  here  should  like  to  say  a  word  on  the  excessive  cmde  and  vul- 
gar ornament  which  disfigures  too  many  modem  Japanese  bronzes. 
Such  ornament  is  never  found  on  any  vase,  brazier,  gr  other  object 
intended  for  use  by  the  Japanese  themselves,  but  is  conflneil  to  those 
articles  specially  made  for  sale  to  Ibreigners.    (The  collection  exhibited 
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to  illastrate  the  forms  an^l  ornaments  of  Japanese  bronzes  before  the 
openiug  of  tlie  country  to  foreign  trnde  amply  demonstrates  this.) 
These  are  all  veritable  "  pot-boilers  "  cast  by  men  often  capable  of  doing 

'  better  things,  who  earn  more  by  the  production  of  these  vulgar  mon- 
strosities for  exportation  than  others  who  still  endeavor  to  follow  the 
simple  canons  of  Japanese  art.  Modern  Japanese  bronze  founders, 
like  their  brethren  in  pictorial  art,  hence  work  in  au  adverse  environ- 
ment, and  under  many  disadvantages  unknown  to  their  predecessors. 

I  Id  the  early  centuries  religious  enthusiasm,  the  quiet  seclusion  of  the 
monastery,  and  the  patronage  of  a  iiowerfui  priesthood  stimulated, 
fostered,  and  supporteil  the  old  artints  in  their  work,  so  that  all  their 
powers  were  put  forth  in  the  execution  of  the  grand  masterpieces  of 
those  times. 

In  later  times  the  same  result  was  achieved  under  the  system  of 
feudalism  which  prevailed  in  the  country.  Workers  in  bronze  wera 
attached  to  the  courts  of  tlie  great«r  daimyos  (territorial  noble); 
their  incomes  were  secure,  they  were  free  to  work  out  their  designs  as 
they  wished,  and  need  only  do  ho  when  they  felt  inspired. 

During  recent  years  the  Kmpcror  has  done  much  for  the  eneonrage- 
ment  of  a  select  few  of  the  chief  art  workers  in  bronze  in  the  revival 
of  their  old  art,  the  result  being  that  some  of  the  objects  of  modern 
work  which  adorn  the  imperial  palace  ore  of  estreme  beauty,  and 
equal  those  of  the  older  masters  in  gracefulness  of  form  and  sobriety 

i   of  ornament.    But  for  the  great  majority  there  is  no  such  patronage, 

I   yet  the  bronze  founders  must  live,  and  to  live  means  for  too  many  that 

'  they  must  waste  their  talents  in  protluciug  work  in  designing  which  they 
are  hampered  by  the  demands  of  commerce  and  the  chief,  or  rather  sole, 
end  of  which  is  merely  pecuniary  remuneration.  Up  to  the  eighteenth 
centnry  we  rarely  find  the  name  of  the  artist  or  founder  attached  to 
any  bronze.  Most  of  the  existing  sjiecimens  of  the  earlier  bronzes 
were  made,  as  we  have  seen,  for  use  in  the  ceremonies  and  rituul  of 

I  the  Buddhist  religion,  and  were  not  usually  allowed  to  bear  any  name, 
excepting  when  they  were  ex  voto  oU'erings,  and  then  only  the  names 

I  of  the  donors.  The  records  of  the  temples  are  also  silent,  with  few 
exceptions,  even  on  the  authorship  of  the  grand  masterjiieces  to  which 
tliey  often  owe  their  popularity  and  fame.  The  dedicators  alone  are 
remembered  and  the  artists  forgotten.  Being  almost  invariably  men  of 
jdebeian  origin,  the  bronze  founders  occup]e<l  a  lower  status  in  life  than 
the  caligrapber,  piunter,  or  armorer,  and  their  lives  have  not  been 
thought  worthy  of  record.  All  the  knowledge  we  have  of  even  the 
grreat  masters  of  the  last  generation  is  derived  solely  from  their  works 
Several  charming  specimens  of  both  the  larger  and  smaller  bronzes, 
especially  of  the  latter,  as  late  as  the  last  hundred  years,  are  unfortu- 
nately not  signed  (see  esi>ecially  the  candlesticks  of  fine  open  work  lent 
by  Sir  Trevor  Lawrence),  and  many  of  equal  merit  are  signed  by  artists 
whose  names  do  not  apjiear  in  the  lists  of  noted  bronze  workers.  So 
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tbat  the  materials  for  a  history  of  the  men  themselves,  such  as  has  been 
compiled  of  tUeir  fellow-artistfi  the  painters,  do  Dot  exist;  and  are  but 
scanty  and  incomplete,  even  for  a  record  of  their  works. 

This  will  conclude  the  first  part  of  my  paper.  I  mast  apologize  for 
the  fragmentary  character  of  the  accoant  I  have  attempted  to  give  yoo 
of  the  rise  and  development  of  bronze  founding  in  Japan,  and  will  ask 
you  to  regard  it  merely  as  a  collection  of  notes  which  may  be  of  use  iu 
the  compilation  of  its  history  when  farther  materials  are  bnlftght  to 
light.  I  have  purposely  omitted  from  it  the  consideration  of  the  miards 
(tsttba)  and  other  furniture  of  the  sword,  because  they  are  more  partic- 
ularly the  work  of  the  chaser  and  carver  of  metals  than  of  the  founder, 
and  also  because  the  subjects  of  their  designs  and  their  technical  exe- 
cntion  extends  over  such  a  wide  field  tbat  a  special  paper  would  be 
required  for  their  adequate  treatment 

Lantern  slides  were  shown  of  specimens  dating  from  1785  to  abont 
1838  A.  D.: 

Eighteenth  century.— A  hawk.  From  the  magnificent  cotl^Haon  of 
Japanese  bronzes  presented  by  M.  Cemnschi  to  the  city  of  Paris. 

1783. — A  statue  of  Ban-kurob^  in  the  garb  of  a  pilgrim.  By  Morata 
Eunibisa.  Height  2  feet  6  inches,  measured  from  the  top  of  tBe  pedes- 
tal,   Cemnschi  collection. 

1824. — An  incense  burner.  By  Ta-uchi  and  Tabi-y^iro.  Nearly  6 
feet  high.    Gemuschi  collection. 

Beginning  of  the  nineteenth  century. — A  group  of  tortoises.  By  Sei- 
min.    Etadly  lent  by  Mr.  J.  M.  Swan,  A.  B.  A. 

A  brazier.  By  Toun.  Kindly  lent  by  Mr.  Alfred  Cock.  .Botb  of 
these  are  masterpieces  of  modeling  and  casting. 

An  incense  burner.  By  Toiiu.  About  3  feet  in  height.  Cnrnuscbj 
collection.  ''' 

THE  TECHNICS  UP  JAPANESE  BBONZE  FOUNDING.  ,, 

Several  methods  of  casting  metals  have  been  practiced  by  the  Jap- 
ancRo.  In  the  earliest  times  molds  of  stone,  in  which  the  shafif^  of  the 
object  was  cut,  sufficed  for  the  simple  forms  of  their  ancient  wea|M>n ; 
and  although  they  are  no  longer  employed  iu  the  casting  of  bronze^ 
their  use  still  survives  in  the  casting  of  lead  for  some  industrial  pur- 
poses, and  of  small  silver  bars,  which  have  subsequently  to  be  worked 
with  the  hammer  into  jewelry  and  ornaments.  Somewhat  later,  molds 
of  clay  were  introduced,  probably  by  Chinese,  and  it  is  alm<)st  certain 
that  contemporaneous  with  their  adoption  the  method  of  cer^  perduta 
casting  was  first  practiced.  '-^ 

Casting  in  molds  of  sand  or  loam  is  also  of  an  early  dat«.  In  70S 
A.  D.  it  was  in  use  in  the  mint  for  the  production  of  brouze  coins.  At 
present  it  is  chiefiy  employe*!  for  small  or  flat  objects — ^plaiu  or  only 
'vughly  ornamented — and  for  eastings  for  industrial  uses. 

These  methods  have  been  foUowed  in  some  form  or  other  by  almost 

II,  Google 


THE  ABT  OF  CABTINQ  BBONZE  IN  JAPAN.  627 

all  natioDB,  but  I  may  mentioD  eD  passant — althongh  it  hardly  comes 
within  the  scope  of  this  pitper — another  metbod  which  is  essentiatly 
Japanese,  L  e.,  the  casting  of  refined  copper  in  canvas  molds  in  hot 
water.  Specimens  of  copper  so  cast  for  the  use  of  the  bronze  founder 
are  on  the  table.  It  is  also  used  occasionally,  but  rarely,  for  silver, 
never  for  bronze. 

One  mode  of  casting  they  have  never  practiced,  that  is,  what  ia 
called  Jie  "ascending"  method,  in  which  the  iogates  are  bo  arranged 
that  the  molten  metal  enters  the  mold  at  its  base  and  gradually  rises 
and  ftiis  its  cavity.  They  have,  however,  introduced  a  modification  in 
the  "descendiDg,"  or  ordinary  method — which  will  be  described  later-— 
to  miaunize  some  of  its  disadvantages,  the  chief  of  which  are,  as  is  well 
known  to  founders,  the  occasional  formation  of  *'cold  sets'"  on  the 
core  and  sides  of  the  mold,  and  unsoundness  in  the  castings  due  to  the 
entanglement  of  air  in  the  streams  of  metal  when  falling  £rom  the  top 
of  a  high  mold. 

It  V  ^  be  seen  from  the  descriptionB  which  follow  of  the  operations 
of  the  tiapanese  bronze  founder  that,  while  in  their  general  features 
they  have  much  io  common  with  those  of  t)ie  bronze  founder  in  Europe, 
they  present  some  differences  of  greater  or  less  importance,  differ, 
ences  wl^ch  are  chiedy  found  in  certain  details  of  manipulation  which 
are  the  results  of  the  conditions  under  which  the  Japanese  founder 
lias  worKed,  the  composition  of  his  chief  alloy,  and  the  nature  of  his 
traioingj 

Before  proceeding  to  consider  these  operations,  we  will  first  glance 
briefiy  at  the  founder  himself.  He  was — as  I  have  stated  above — 
almost  without  exception  of  the  plebeian  class  of  the  people,  and 
althongji  many  at  various  periods  were  men  of  marvelous  ability  and 
of  the  ^ighest  merit  as  artists,  yet  they  seem  never  to  have  ranked 
hig  uan  artisans.  Several  scalptors  in  metal,  who  were  specially 
diBtin^..ished  for  their  skill  in  the  design  and  ornament  of  the  furni- 
ture of  the  sword,  and  many  noted  smiths,  forgers  of  famous  blades 
and  of  armor,  were  indeed  elevated  above  this  grade,  and  had  the 
honor  o..  receiving  complimentary  titles  in  recognition  of  their  ability; 
but  I  have  not  succeeded  in  finding  a  single  example  of  an  art  founder 
having  been  similarly  honored. 

No  special  conrses  of  study,  such  as  were  followed  by  painters,  were 
open  to  him.  A  knowledge  of  the  principles  and  practice  of  his  art  hod 
to  be  obtained  under  a  system  of  apprenticeship,  whictt  had  mnch  in 
common  xitb  that  in  vogne  in  Europe  during  the  latter  part  of  the 
Middle  .  ges,  and  in  which  drudgery  and  household  work  absorbed  not 
aUttleof^is  time.  As  an  apprentice  he  was  bound  to  serve  his  master 
for  a  fixed  term  of  years,  during  which  his  duties  were  not  only  to  assist 

■"Cold  eeto,"  metal  which  baa  been  aplaahed  np  aftainst  the  eidea  or  the  mold  or 
core,  haa  solidified  there,  and  col  artenraida  united  with  the  maiu  maae  of  metal, 
owiag  to  a  film  of  oxide  which  hoa  formed  oa  ita  aorfaoo. 
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in  tlie  actaal  work  of  the  foundry  and  »ta<]io,  bnt  also  to  attend  to  the 
personal  wants  of  his  master.  He  lived  in  bis  master's  hoaae,  wao  fed 
and  clotlied  by  him,  and  became  in  fact  a  minor  member  of  his  family. 

Daring  bin  apprenticeship  he  was  tanght  every  branch  of  the  found- 
er's art,  from  the  rongh  work  of  mixing  and  tempering  clay  for  molds, 
and  the  making  of  crucibles,  to  the  highest  stages  of  designing  aod 
modeling  objects  in  wax  and  of  subsequently  casting  them  in  bronze. 
After  long  years  of  faithful  work,  if  distiogoisbed  by  special  ability, 
he  might  be  selected  by  his  master  as  his  successor,  and  at  least  was 
entitled  to  receive  from  him  a  modest  sum  of  money,  either  as  a  loan 
or  a  gift,  sufficient  to  enable  liim  to  establish  a  small  atelier  of  his  own. 

The  foundry  of  the  artist  always  now  forms  part  of  his  dwelling 
house,  and  doubtless  this  was  the  case  in  earlier  times.  Special  rooms 
are  set  apart  for  drawing,  modeling,  and  the  preparation  of  the  molds, 
the  rougher  operation  of  molding  being  carried  ou  iu  sheds  at  the  side 
of  the  garden  or  yard.  The  foundry  itself,  in  which  the  metal  is  melted 
and  cast,  is  also  sitaated  in  the  yard.  A  special  featnre  in  many  is  the 
well-arranged  garden  on  which  the  modeling  rooms  open,  ao  that  the 
artist  works  amid  cheerful  snrronndings,  which  must  itiUnence  his  work 
for  good.  The  working  staff  consists  of  the  artist,  his  apprentices,  the 
members  of  his  family,  all  of  whom,  even  the  children,  assist  in  some  of 
the  operations,  and  one  or  two  workmen.  Castings  from  models  designed 
by  the  artist  himself  form  sometimes  the  sole  work  of  the  foundry,  Imt 
generally  other  work  is  undertaken,  and  castings  are  then  made  of 
objects  which  have  been  modeled  by  other  artists  who  send  their  molds 
ready  prepared  merely  to  be  filled  with  metal. 

The  Japanese  processes  of  casting  bronze  and  the  appliances  and 
materials  used,  which  I  shall  now  endeavor  to  describe,  are  those  which 
1  have  seen  from  time  to  time  in  the  art  foundries  of  Osaka  during 
my  residence  there,  and  I  have  to  ash  for  your  indulgence  if  I  burden 
you  with  some  dry  and  apparently  trivial  metallurgical  details  which 
may  be  uninteresting  to  those  who  are  not  8|>ecially  concerned  with  the 
melting  of  metals.  I  will,  however,  try  to  deal  with  them  as  briefly  as 
possible. 

This  part  of  my  subject  may  be  conveniently  divided  into  the  follow- 
ing sectioui<; 

1.  Preparation  of  the  mold  and  core.     In  clay;  in  sand  or  loam. 

2.  The  furnace  and  foundry  appliances. 

3.  The  operations  of  casting. 

4.  The  alloys  nsetl. 

ri.  Stains  and  patinas. 

1, -PREPARATION  OF  THE  MOLD  AND  CORE  (IN  CLAY). 

The  materials  used  for  modeling  and  the  preparation  of  the  mold  and 
core  are  as  follows:  Vegetable  wax,  prepared  chiefly  from  the  fmit  of 
UhuB  Buccedauea;  it  iwssesses  great  fluidity  when  melted,  bat  has  the 
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disadTaatage  of  being  extremely  britUe  in  cold  weather;  beeswax^ 
reain,  obtained  from  various  conifers,  chiefly  Pinna  massoniana  and 
densiflora;  clay,  raw  and  burned;  river  sand;  chopped  rice  straw; 
rice  hoske.  Tarions  mixtures  of  vegetable  wax  and  re»in,  to  which 
beeswax  is  sometimes  added,  also  of  beeswax  and  resin  alone,  are  used 
for  modeling,  according  to  the  character  of  the  design  of  the  object,  and 
the  extent  and  nature  of  its  ornament.  For  castings  of  the  highest 
class,  and  especially  for  those  with  delicate  linesand  forms  or  ornament, 
the  latt«r  mixtures  are  always  employed,  tlie  former  being  naed  only  for 
luge  or  common  works  of  simple  shapes,  with  roogh  or  little  decora- 
tiuD.  The  clays  nsed  in  Osaka  and  Kioto  are  obtained  from  the  hills 
ofdecomposed  granite  in  the  neighborhood.  They  are  extremely  plastic, 
bat  are  not  very  refractory,  as  they  contain  considerable  amonnts  of  the 
alkalies. 

Great  care  is  devoted  to  their  "  tempering,"  which  is  effected  by  many 
months,  even  years,  of  exposnre  to  the  weather,  with  freqnent  tnming 
over  in  the  yard  or  sheds  of  the  foundry.  They  are  always  mixed  for 
DHe  with  varying  proportions  of  old  fire  bricks  in  both  fine  and  coarse 
powder,  and  when  employed  for  large  or  solid  cores  with  coarsely 
chopped  rice  straw,  rice  hnsks,  and  river  sand.  Special  importance  is 
attached  to  the  use  of  the  oldest  clay  for  the  preparation  of  molds  and 
hollow  cores,  as  it  has  been  found  by  experience  that  they  are  then 
much  stronger  and  less  liable  to  crack  than  when  made  of  newer  mate- 
rial. The  amount  of  rongh  usage  these  molds  will  bear  without  injury 
iti  very  surprising.  I  have  seen  tbem  rolled  over  the  rough  floor  of  the 
foundry  from  one  en<]  to  the  other  and  yet  yield  perfect  ciuitings.  The 
core,  which  is  one  of  the  most  important  parts  of  the  mold,  |)osBesses 
some  carious  features  whti-b  are  specially  characteristic  of  Japanese 
foundry  practice.  For  small  figures  it  is  generally  solid,  and  these  differ 
bntlittle  from  those  in  common  use  everywhere;  in  other  cases  it  is 
always  hollow. 

The  hollow  core — this  is  used  by  the  Japanese  whenever  possible — is 
of  two  kinds,  in  one  of  which  it  is  closed  at  one  end;  m  the  other  both 
ends  are  open.  The  chief  peimliavity  of  the  former  is  its  thinness, 
compared  with  similar  cores  in  Kurope,  otherwise  it  dot^s  not  differ 
much  from  them.  I  will  hence  only  describe  in  detail  the  latter,  or  >. 
open  core,  as  it  has  many  peculiarities,  and  is  particularly  distinctive 
of  the  methods  of  founding  adopted  by  artists.  In  its  usual  form 
its  thickness  in  not  much,  sometimes  not  at  all,  greater  than  that  of 
the  outer  shell  of  the  mold;  in  fai:t,  it  merely  forms  its  inner  wall; 
and,  in  order  that  this  kind  of  core  may  be  employed  almost  all 
castings,  even  of  vases,  braziers,  and  similar  objects,  are  cast  without 
a  bottom,  the  lutttom  being  cast  sefmrately  and  subseiinently  attached 
by  means  of  solder.  It  is  usually  fashioned  on  a  wooden  framework, 
the  parts  of  which  are  ingeniously  arranged,  so  that  it  can  be  with- 
drawn as  soon  aa  the  entire  mold  has  been  finished  and  dried-    This 

)qTc 


iX.oogTi. 


630  THE  ART  OF  CASTING  BBONZG  IN  JAPAN. 

ftamework,  nn  example  of  wIucIl  is  ahown  in  plan  and  section  in  fig.  2, 
is  coDstractod  as  follova:  A  sufficient  number  of  flat  strips  of  wood, 
A  A,  resembling  templates,  are 
preptu^,  their  external  edges 
being  ronghly  cut  to  the  shape 
of  the  interior  of  the  article  to 
be  cast.  Two  circnlar  disks  of 
wood,  B  B,  each  in  two  seg- 
ments, and  famished  with  a 
central  hole,  are  also  prepared 
to  form  the  top  and  bottom  of 
the  frame.  The  above  strips 
are  then  arranged  around  the 
peripheries  of  the  disks,  and 
are  kept  in  position  by  means 
of  wires  or  cords.  A  bar  of 
wood,  G,  of  aaitable  length,  is 
then  passed  through  the  aper- 
ture in  the  disks,  and  the  frame 
work  is  firmly  attached  to  it 
by  wedges.  The  object  of  this 
bar  is  to  enable  the  core  to  be 
moved  about  or  revolved,  and 
so  to  &cilitate  the  work  of  the 
modeler.  Thin  strips  of  bam- 
boo, or  sometimes  a  cord  of 
straw,  or  both,  are  now  bound 
round  the  exterior  of  the  frame. 
The  core  is  then  molded  on  it 
to  the  proper  thickness  with  a 
mixture  of  burned  and  raw 
clay,  aud  rice  hnsks  applied  in 
several  layers,  the  lower  layers 
being  coarser  aud  more  porous 
than  those  above  them,  and 
the  exact  form  is  given  to  it 
by  one  or  two  final  coatings  of 
clay  mixed  with  sand.  After 
the  core  has  been  dried  the 
vase  or  other  object  is  modeled 
on  it  in  wax  of  the  proper  com- 
position (see  above).  'Wooden 
or  metal  stamps  are  sometimes 
need  for  molding  Chinese  characters  and  parts  of  the  ornament,  but 
only  for  the  commonest  articles,  the  whole  of  the  modeling  of  all  others 
being  perfbrmed  by  hand.  ^-.  , 
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A  drawing  or  rough  model  is  sometiines  ased  by  tbe  artiat  for  liis 
gmdanoe,  bat  not  imfreqnently  be  works  without  either,  and  even  when 
osiug  them  he  does  not  merely  copy  their  lines  or  tbe  exact  details  of 
tbeir  ornament;  in  fact,  often  he  departs  from  them  altogether,  if  he 
feels  that  by  a  modiflcatioQ  of  their  outlines  oi:  decoration  the  beauty 
of  bis  subject  may  be  increased. 

In  preparing  this  model  on  the  core  he  exerts  his  utmost  skill;  no 
plaster  casts  are  made  from  it;  if  the  casting  in  a  failure,  bia  work — it 
may  have  been  a  masterpiece — is  lost,  but  if  successful,  it  bears  in 
imperishable  bronze  all  the  subtle  and  delicate  touches  of  bis  hand. 
Wben  the  model  is  completed  tbe  iugates  or  oi>euings  C  C  C  C  and 
D  D  D  (fig.  7),  through  which  the  metal  is  poured  into  tbe  mold,  and 
tbe  necessfvy  outlets  for  the  escape  of  tbe  air  and  gases  and  for  running 
oat  the  wax,  are  molded  on  it,  and  in  some  objects  pins  of  bronze  are 
inserted  in  it  to  aid  in  keeping  the  core  in  position.  The  ingates  for 
castings  of  moderate  size,  eBx>ecialIy  for  those  of  considerable  height, 
are  not  placed  only  at  tbe  top  of  tbe  mold,  but  also  in  one  or  more  tiers 
aronnd  its  sides.  Thus  in  flg.  7  we  have  four  iugatea  (A  A  A  A)  a 
little  above  the  midiUe,  and  three  (B  B  B)  on  the  top  of  tbe  mold.  The 
object  in  tbus  placing  tbem  being  to  diminish  some  of  the  disadvaii- 
tages  of  the  "  descending"  method  of  casting  which  have  been  pre- 
vioQsly  alluded  to.  For  thin  castings  this  practice  is  extremely 
saci^essful,  a  much  smaller  proportion  being  defective  from  vesicular 
structure  caused  by  entangled  air,  from  burned  patches,  and  from  "cold 
sets,^  than  when  the  ingates  are  all  at  the  t^ip. 

Tbe  wax  model  is  now  coated  with  a  thin  layer  of  fine  clay,  applied 
with  a  brush  with  great  care.  After  drying,  other  layers  are  similarly 
applied,  until  the  crust  is  sufficiently  thick  to  permit  additional  layers 
of  somewhat  coarser  clays  to  be  put  on  with  the  band  and  tool»,  to  give 
the  requisite  strength  to  tbe  mold.  The  mixture  of  clays  for  tbe  first 
layers  is  very  carefcUly  prepared,  aud  is  sometimes  mixed  with  finely 
powdered  porcelain,  to  prevent  them  from  being  melted  by  the  molten 
metal.  Tbe  formation  of  a  fused  crust  on  the  casting,  ^rhich  is  always 
difficult  to  remove,  destroys  its  surface,  and  mars  the  sharpness  of  its 
designs,  is  thus  avoided. 

The  mold  is  then  dried  very  slowly  in  a  warm  part  of  tbe  foundry. 
When  dry,  the  wooden  core  is  removed  and  the  wax  is  then  melted  out 
by  means  of  a  carefully  regulated  charcoal  fire,  by  which  both  the  hol- 
low core  and  the  outside  of  the  mold  are  heated,  and  nt  tbe  same  time 
all  traces  of  moistnre  are  expelled  aud  its  walls  baked  hard. 

PKEPAKATION  OF  THE  MOLD  (IN  SASD  OK  LOAM). 

Molding  in  sand  or  loam  has  not  been  extensively  practice*!  by  the 
Japanese  for  artistic  castings,  with  the  exception — as  I  have  stated 
i^bove — of  flat  objects,  such  as  coins  and  mirrors,  and  others  of  simple 
forms  in  which  no  parts  of  the  ornament  are  in  undercut  relief.    Even 
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in  many  cases  in  which  the  nee  of  a  sand  or  loam  mold  was  perfectly 
a<lniis8ible,  a  clay  mold  seems  to  bave  beeu  preferred  because  it  could 
be  lieatdd  before  it  was  tilled  with  meta),  a  point  to  wliich  macb 
im]>ortauce  i»  attiwbed.  Their  metliods  of  molding  in  sand  do  not 
diD'er  greatly  from  ours;  I  will  hence  ouly  describe  that  followetl  in  the 
old  mint  about  sixty  years  ago,  where  this  kiud  of  molding  was 
brought  to  a  high  state  of  perfection  for  casting  the  bronze  coins 
known  as  "tempo.'^ 

Specimens  of  these  coins  and  of  mirrors  cast  in  the  same  way  are 
exhibited. 

Tlie  model,  of  "mother"  coin  as  it  was  termed,  was  prejmred  in 
bronze,  either  bytlie  "ceraperdata"  method  or  bycuttiugaud  engrav- 
ing. For  mirrors  and  similar  objects  this  or  a  model  in  wood  ^raa  used 
as  the  "pattern,"  but  for  coins,  when  many  had  to  be  cast,  the  "pat- 
temrt"  were  prepared  Ucst  by  casting  from  the  "mother"  coin  wbatwere 
termed  "seed"  coins  iu  pewter,  and  then  from  these  the  actual  working 
"patterns"  in  bronze,   : 

Lantern  slides  were  shown  illastrating  the  operations  of  molding 
and  castingin  the  old  mint  in  Yeddo  in  1835,  as  follows: 

ruling  ^e  ihold  frame  with  sand.  . 
-  Molding  by  means  of  the  metal  patterns. 

Smoking.the  moldn. 

Pouring  th«  bronze  into  the.  vertical  sand  molds,  see  PI.  LXX. 

The  "flask"  or  fnime  for  holding  the  aand  was  of  wood,  witbont 
transverse  or  longitudinal  ribs.  It  was  placed  on  a  flat  board  on  the 
floor  of  tliei  molding  room,  whereit  was  filled  with  damp  sand — tbeasnd 
being  well,  trodden  to  conKolidate  it — the  excess  was  scraped  off  and 
tiie,  siu-faee  made  level  and  smooth.  Upon  this  surface,  which  was 
flrnt  dusted  with  charcoal  powder,  two  bronze  rods  to  form  the  ingatee 
and  main  feeding  channels  were  placed,  and  on  each  side  of  them  a 
TOW  of  tbe  metivl  "  patterns,"  all  lieiug  carofhlly  pressed  into  the  sand. 
Another  fTHme  was  then  placed  upon  it  and  filled  with  sand,  which 
was  also  very-  carefully  trodden.  The  frames  were  then  separated, 
.the^" patterns"  removed,  and  a  small  chimnel  was  cut  fi-om  each  cavity 
in  the  mold  leading  to  the  main  channel.  They  were  now  plabed  on  aii 
open  frame  and  their  inner  surfaces  were  smoked  with  burning  pine 
wood  held  below  tliem  in  a  brazier.  After  being  again  fitted  together 
they  were  pla<',fd  between  two  boards  and  firmly  braced  up,  and  then  set 
up  vertically  iu  the  melting  room  to  receive  the  bronze. 

2.— THE  FCKNACES  AND  APPLIANCES  OF  THE  FOUNDRY. 

The  furnaces  and  .ippliances  which  are  used  by  Japanese  artists  fbr 
melting  and  casting  bronze  are  of  a  very  simple  character.  They  con- 
sist of  a  series  of  cupola  -furnaces  in  segments,  several  crucible  ftar- 
naces,  and  two  kinds  of  blowing  machines. 

E«\'erlieratory  fnniaccs  were  not  employed  by  the  old  founders,  but 
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during  recent  years  several  have  been  erected  fnim  my  deatKng  in  Qov- 
Hnnieot  aud  other  establisbroents,  cliietl.v,  hoverer,  for  the  production 
of  ordnance  and  castings  foriiidustri.il  pun***^^-"- 

When  small  castings  011I7  are  required  the  bronze  is  generally  melted 
in  crucibles,  bat  for  those  of  larger  tlimeuaions  a  cupola  f^iraace.  or 
more  than  one,  is  always  employe*). 

A  typical  cupola  famace,  which  is  that  which  was  actually  used  in 


the  casting  operations  to  l>e  described  subseqneiitly,  is  rcpreseiit^tl  iu 
flg.  3. 

It  is  very  ingeniouBly  constructed  of  cylindrical  segments.  The 
lowest,  which  forms  the  hearth,  consists  of  a  cast-iron  pan  lined  with 
fire  day  and  a  coating  of  brasqne,  composed  of  clay  and  charcoal.  It 
isfarntshed  with  an  aperture,  G,  iu  front,  for  tapping  out  the  metal, 
and  another  at  the  bacli  for  the  insertion  of  the  twyer,  throngh  which 
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the  blast  is  introduced.  Each  of  tbe  other  Hegmeuts  cooatsts  of  a  cyl- 
inder of  fire  bricks  or  slabs,  cemeDtcd  together  with  fireclay,  and  firmly 
bonnd  with  iron  bands.  The  number  and  size  of  these  segments  naed 
in  erecting  a  cupola  depends  on  the  quantity  of  metal  it  is  intended 
to  melt  at  ejtcb  charge,  and  as  a  considerable  number  of  varions  sec- 
tions and  degrees  of  tai>er  are  kept  on  hand,  any  form  can  be  given 
to  the  interior  of  the  cupola.  In  all  well-arranged  foundries  these  seg- 
ments, with  their  accompanying  hearths  of  various  sizes — generally 
from  1  foot  to  2  feet  3  inches  in  diameter — are  always  ready,  so  that 
a  furnace  can  be  built  up  without  delay  at  any  tune  for  either  large 
or  small  meltings. 

The  cupola  is  erected  by  placing  tbe  hearth  segment  on  a  platform  of 
bri<;k  about  1  foot  high,  so  that  the  tap  hole  may  be  of  a  convenient 
height  for  tapping.  U]>oti  this  segment  one  of  the  others  is  placed  and 
luted  to  it  with  fire  clay ;  another  ia  placed  on  this  and  similarly  Inted, 
and  others  are  added  if  necessary  until  tbe  furnace  is  of  suitable 
height.  The  advantages  which  this  method  of  erecting  cupola  fbrnaces 
possesses  for  small  foundries,  where  the  work  is  of  an  irregular  char- 
acter, and  where  castings  are  often  urgently  needed  which  are  too 
large  for  crucibles  and  too  small  to  justify  the  lighting  up  of  a  large 
perniiuient  copalo,  are  self-evident. 

Tliere  is  only  one  twyer,  and  this  is  tbe  chief  disadvantage  of  the 
larger  sizes  of  these  furnaces,  as  it  causes  an  unequal  distribution  of 
heat  in  the  zone  of  fusion,  the  results  of  which  are  undue  volatilization 
of  lead  and  zinc  in  the  overheatett  spaces  and  an  unnecessary  waste  of 
blast  and  fuel.  There  is  no  special  charging  door,  the  fuel  and  metal 
being  simply  thrown  into  the  open  top  of  tbe  furnace. 

Portable  furnace  for  meltingbronze, — Another  furnace  which  is  not  now 
in  use  in  Japan,  but  is  still  employed  in  China,  resembles  the  hearth 
segment  of  the  cupola  I  have  just  described.  It  is,however,madeligbt 
and  i>ortable,  stands  on  three  feet,  and  is  fitted  with  sockets  in  its 
sides,  into  which  long  handles  are  inserted,  so  that  it  can  be  carried 
by  two  or  four  men.  It  is  placed  in  fWint  of  a  bellows,  as  shown, 
and  then  charged  with  charcoal  and  bronze.  When  snffieieut  of 
the  latter  lias  been  melted  it  is  carried  to  the  mold,  the  fuel  raked 
off',  and  the  molten  metal  i>oured  through  a  beak-shaped  opening  in 
its  side. 

For  objects  of  small  size  and  complicated  forms  and  of  delicate  model- 
ing the  bmnze  is  melted  in  crucibles  in  small  furnaces,  which,  like  the 
cui>ola,  arc  worked  by  means  of  a  blast.  This  form  of  furnace  consiste 
of  a  simple  cylindrical  chamber,  with  a  lining  of  fire  clay,  generally 
partly  embedded  in  the  ground  of  the  melting  room,  and  fitted  with  a 
movable  clay  «;(iver.  Its  sides  are  pierced  with  four  or  six  or  more 
holes,  about  3  to  5  inches  above  its  base,  for  the  admission  of  the  blast 
The  fuel  used  is  charcoal.  Recently  air  furnaces  connected  with  chim- 
ney stacks,  similar  to  those  of  £urope,  have  been  erected  in  maii; 
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ibnndrieB,  bat  the  above  form  is  still  ia  extensive  nse  in  the  melting 
Toonis  of  artists. 

The  cmcible  used  (flg.  4)  consists  of  a  thin  inner  crucible  of  porcelain 
inclosed  in  an  onteroneof  flre  clay;  and  its  conatruction  affords  a  good 
exampleof  the  ingenuity  of  the  Japanese  in  overcoming  the  difficulties 
arising  from  the  nonrefractory  character  of  their  Are  clay.  As  has  been 
pointed  out  already,  granitic  clays,  not  very  infnaibJe,  are  alone  avail- 
able for  metallurgical  pnrpoaes  in  Japan,  porcelain  clays  being  expen- 
sive and  reserved  for  the  potter.  If  the  cmcible  were  made  entirety  of 
the  former  it  Tronld  aofl«n  and  crack  at  intense  heats;  hence  it  is  lined 
with  a  cnp  of  difficultly  fusible  porcelain  just  at  that  part  where, 
owing  to  the  position  of  the  twyers,  the  temperature  of  the  furnace  is 
extremely  high ;  so  that,  even  if  the  outer  part  is  partially  fused  or 
destroyed  the  metal  will  not  be  lost,  bat  be  retained  by  the  porcelain 
cnp  within  it. 

Biotcing  machines, — The  machines  used  for  producing  the  blast  can  not 
be  passed  over  without  notice.  They  are  of  two  kinds,  both  of  which 
are  peculiar  to  the  East,  and  although  defective  in  many  respects  when 
compared  with  the  more  pecfect  forms  of  blowers, 
such  as  Baker's  and  Boot's,  in  use  in  this  country 
Mid  also  in  the  large  commercial  and  Government 
works  in  Japan,  yet  their  convenience  and  efficiency 
is  Bofflcientty  great  to  enable  them  to  hold  their  own 
in  the  art  foundries,  where,  indeed,  they  are  still 
universally  employed.  One  of  these,  called  the 
"fhigo,"  is  shown  in  the  lantern  slide.  It  is  nsed  for 
producing  the  blast  for  the  crucible  furnace  pre- 
viously described,  and  also  very  extensively  for  other  cbdcible  ros  mLTum 
metallurgical  operations,  such  as  copiier,  lead,   and  bronze 

tin  smelting.  As  the  Ohinese  form,  with  which  it  is  almost  identical, 
has  been  described  more  than  once,  I  will  not  tronble  you  with  a 
detailed  account  of  it.  It  is  essentially  a  rectangular  wooden  box,  fitted 
with  a  piston,  which  is  worked  horizontally,  and  with  four  valves  so 
arranged  that  it  is  double-acting,  a  blast  being  produced  by  both  the 
forward  and  backward  motion  of  the  piston.  The  air  chamber  generally 
measures  about  3  feet  by  1  foot  10  inches  by  7  inches. 

The  other  blowing  machine,  which  is  called  "tatara,"  appears  to  have 
escaped  the  observation  of  foreign  writers,  as  it  has  not  hitherto  been 
described.  Pig.  5  represents  it  in  plan  and  sections.  It  consists  of  two 
air  chambers  A  A,  in  some  cases  constructed  of  wood,  in  others  of  clay 
with  merely  a  lining  of  wood  at  their  sides.  The  bottom  of  each  cham- 
ber is  an  inclined  plane  sloping  from  a  central  ridge.  The  top  of  this 
ridge  ia  fitted  with  metal  bearings,  in  which  the  axle  of  the  pressure 
bou^  B  works.  The  pressure  board  is  made  of  wood  and  is  fitted  with 
two  valves,  0  C,  opening  inwards,  one  being  placed  at  each  end.  It' 
edges  are  Bometimes  lined  with  a  packing  of  for  or  feathers,  so  thai  i 
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may  fit  closely  to  the  aides  of  tbe  chamber  and  leakage  of  air  be  pre- 
TODted. 

Abont  eight  or  ten  persons  are  required  for  working  one  of  these 
machines  in  melting  bronze,  and  often  the  whole  of  the  artist's  hoaae- 
hold — ^meD,  women,  and  children — aid  in  the  operation.  A  rocking 
motion  is  given  to  the  pressure  board  by  the  workers  Btopping  alter- 
nately on  an<l  off  either  end  ( flg.  6),  and  the  air  is  thus  compressed  first 
in  one  chamber,  then  in  the  other,  and  passes  to  the  blast  outlet  E 


A.Xwreimiohn-    R|««.i.t»  ,.«ri).  C  C,  v»lw  af  utmmli  b«J;  D.hlat  v«Iw-  K.  UMtgatlsL 

tlmtugh  a  cIkiiuu")  ;it  the  Itottom  and  (rout  of  each.  At  the  junction  of 
Ilutsi'cbHnnfls  with  ibfbla.-^t  outlet  a  flap  Talre.  I),  doses  either  cbaDoel 
when  the  opixv^iie  half  of  the  pressure  board  desccods.  The  workers 
ar«>  «Mlt>«)  in  stepping;  on  and  off  by  ropes  haogtng  from  the  roof,  which 
tlier  pT»sp  with  their  faaml!^  ami  io  keeping  time — and  the  efficiency  of 
tberoaoliiiie  doiH'nds  pTv-.iily  on  this— by  singing  songs  which  have  been 
sptvially  nmtiHtiieal  for  them. 
~  >  Itlasi  IS  intermilt«ui.  irregular  iu  pressure,  and  deflcieut  in 
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volume;  and  theeffectirepowerof  a  machine  worked  by  eight  men  does 
not  esceed  1  ton  of  cast  iron  melted  per  hour,  the  cost  of  the  I^bor, 
however,  beiug  only  about  8  i»eii<;e. 

3.— THE  OPERATIONS  OF  CASTING. 

The  metal  nsed  for  tbe  charges  of  a  cnpola  furnace  when  a  "cast" 
hae  to  be  made  consUts  either  of  old  bron/.esaiid  defective  castings,  or 
more  geiiei-ally  of  a  mixture  of  tbeae  with  new  alloy.  The  separate 
metallic  constitueuts  of  tbe  bronze,  viz,  copper,  tin,  lead,  or  zinc,  do 
not  form  part  of  tbese  charges,  but  the  alloy  is  previously  prepared  by 
melting  tbem  together  some  days  beforehand.  The  alloy  then  obtained 
is  cast  into  tbiu  plates,  which  are  broken  up  while  hot,  and  the  frag- 


Fif^O. 


mentfl  are  used  for  the  ciistiiig  charges.  When  crucibles  are  used,  the 
alloy  is  however  frefjuently  msuie  at  the  time  of  casMug,  althouj^b  for 
castings  of  special  importance  bronze  which  bas  already  been  ouce  or 
oftener  cast  ih  always  preferred. 

For  my  description  of  the  operations  of  casting  I  have  selected  the 
casting  of  a  brazier  in  the  mold  shown  in  flg.  7,  as  it  is  a  typical  exam- 
ple of  Japanese  practice,  and  I  was  present  in  the  foundry  during  tbe 
whole  of  the  oi>erations. 

The  bronze  was  melted  in  tbe  cupola  furnace  (flg.  3).  Charcoal  was 
used  as  fuel,  and  the  blast  was  produced  by  a  "  tatara"  worked  by  eight 
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Fnm  »tt  taiiy  boor  in  tike  moming  aad  while  the  meltiDg  was  pro- 
<•— ■iiup  tbe  fooodry  staff  was  engaged  in  preparing  the  molds  for  the 
ravpooB  of  tte  metal  by  beating  them  to  redness.    This  was  eBiected 
in  (be  fiiUowiag  maaiter:  The  mold  (fig.  7)  was  placed  on  five  or  six 
bnrk&  H  B.  to  raise  It  above  tbe  earthen  floor  of  the  melting  room. 
Its  io^atc«.  C  C  C  C  and  D  D  D  D,  were  closed  with  stoppers  of 
clav  aad  tbe  rvaitai  tnbea,  F  F,  were  fitted  over  its  air  oatlets,  E  E, 
i«  ptrT-eot  any  fiic]  from  &ning  into  them.    A  wall  of  fire-clay  slabs, 
G  G,  w-as  BOW  boilt  ap  anmiid  it,  the  slabs  being  kept  in  position  by 
b(n>ps  and  butds  of  iron  and  am  external  lating  of  clay,  a  space  aboot 
3  irrckes  wiilr  at  i>s  narrowest  part  being  left  betwerai  the  inside  of 
tbe  waQ  and  the  oat^dc  of  the  atold.    A  charcoal  fire  was  then  made 
OD  the  floor  bektw  the  mold, 
and  tlie  space  between  tba 
wall  and  the  mold  was  com- 
pletely filled  with  boming 
charcoal,  which  was  mixed 
with   fragments   of  bricks 
and  crucibles  to  prevoit  the 
beat  from  becomiug  too  in- 
tense.   The  interior  of  the 
cote  was  also  partly  filled 
with  the  same  mixture,  and 
two  clay  tabes  were  fitted 
above  it  to  serve  the  par- 
pose  of  chimneys.  The  tem- 
perature of  tbe  interior  was 
regulated  by    partially   or 
>^t-  entirely  dosing  the  appa 

openings    of   these    tabes 
with  tiles.    The  mold  was 
kept  at  a  red  heat  for  more 
i^.<i.-^-,  E.H  =^v-.t*  i:=««w.ta«-L  ^^  j^Q  hoora,  by  which 

tin^  :h«  xrial  was  nearly  ready,  llie  wall  of  clay  slabs  and  tbe 
ti-.t:'^  r..l^^  wi^re  now  rapidly  taken  down  and  the  fire  was  raked 
away.  T't-if  i>r:vk:i^  H  H.  sDpporting  the  mold,  wexe  carefiilly  removed, 
ar.d  tLf  bv'-'.T^  thn>a^h  which  tbe  wax  had  run  out  stopped  op  with  fire 
cL«T.  rhiri:  i:  tht-ir  n:'moval  the  floor  below  was  sprinkled  with  water 
i*;'a)  ^tf^irUrU  *>T  sboveling.  and  on  this  the  mtM  was  allowed  to  rest, 
l-ar^^  $;.  =e$  wt^r^  now  piled  aroand  its  base  to  steady  it  and  the  stop- 
|*^r>  v^rv  r^:u'>vied  from  tbe  tngates.  Tbe  ingates,  of  which  there 
wi^rv  ^!WMi — four  about  tbe  middle  of  the  mold  and  three  at  tbe  top— 
wi^iv  ta^:.'C«d  in  the  A>rm  of  small  raps  of  fiiv  clay  abont  2  inches  in 
diam^ier.  eak^  h  having  thi««  apatoree,  half  inch  in  diameter,  opening 
inu>  th«  ch^tcr.el  leadini:  ir.ro  the  mold. 
Thf  ii«>Id  was  DOW  raady  for  receiriDg  the  metaL    On  looking  into  it 
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Uiroagh  one  of  tlie  iiigates  it  was  seen  to  be  a  <1ull  red  heat.  The 
bronze  was  thea  tapped  into  foar  iron  ladles,  each  of  wliich  was  held  hy 
a  workman,  and  a  smiill  qnuntity  of  wood  ashes  was  thrown  apou  its 
sarfoce.  The  workineu  then  took  up  their  (wsitions  opposite  the  lower 
in^tCBUid  on  a  signal  being  given  ponred  the  contents  of  their  ladles 
Himaltaneoasly  into  the  mold.  The  qaautity  of  metal  bad  been  very 
accnrately  estimated,  as  it  just  reached  aboat  half  way  ap  each  ingate. 
Tbese  ingates  were  then  closed  with  clay  stoppers  luted  in  with  fire- 
clay. Three  of  the  ladles  were  filled  again  and  ponred  in  the  same  man- 
ner as  before,  bnt  into  the  apper  ingates,  eompletly  filling  the  mold. 
Daring  ponring  very  finely  powdered  rice  bran  was  thinly  sprinkled  on 
the  metal  as  it  flowed  irom  the  months  of  the  ladles.  The  mold  was 
allowed  to  stand  for  six  hoars  before  breaking  it  from  off  the  casting. 
Several  other  smaller  molds  were  then  filled  in  a  similar  manner,  and  as 
Doehidleful  of  metal  was  sufficient  to  fill  each,  they  had  only  one  iogitte 
and  one  air  outlet.  While  the  bronze  was  being  i>oared  into  them 
they  were  rather  vigoronsly  tapped  with  a  short  stick  to  dislodge  any 
m  babbles  which  might  have  adhered  to  their  sides. 

For  castings  of  very  large  size  ladles  are  not  nsed,  but  the  bronze 
is  run  from  one  or  more  of  cnpola  furnaces,  first  into  a  recei)tacle 
lined  with  fire  clay,  and  then  Irom  this  through  an  aperture  in  its 
bottom  into  the  mold.  The  outflow  is  regulated  byineans  of  a  plug,  so 
that  a  considerable  depth  of  metal  is  always  retained  in  the  rei^eptacle 
in  order  that  scoriie  and  oxidized  scums  may  be  prevented  from  enter- 
ing the  mold.  To  prevent  oxidation  as  far  as  possible,  the  surfiice  of 
the  metal  is  kept  carefully  covered  with  a  layer  of  charcoal  or  of  par- 
tially carbonized  straw. 

A  subsidiary  but  often  necessary  part  of  the  founder's  work,  and 
one  in  which  the  Japanese  exhibit  very  great  skill,  is  the  repairing  of 
any  defects  that  the  castings  may  show  on  their  removal  frou]  the 
molds.  Thus,  for  example,  occasionally  the  rim  or  other  part  of  a  vase 
may  be  imperfect  owing  to  the  retention  of  air  in  the  mold  when  the 
oietal  was  poured  in.  In  this  case  the  imperfect  part  is  carefully 
remodeled  in  wax  on  the  defective  casting,  a  clay  mold  is  made  over  it 
in  the  usual  way,  and  the  wax  is  melted  out.  A  certain  quantity  of 
metal  is  then  poured  in  and  allowed  to  run  out  until  the  edges  of  the 
defective  part  have  been  partially  melted,  when  the  outlet  is  st<)p|>ed 
and  the  mold  allowed  to  fill.  When  it  has  solidified  the  clay  mold  is 
broken  away  and  the  excess  of  metal  filed  olf. 

Handles  and  ornamental  appendages,  which  have  been  separately 
cast,  are  frequently  attached  to  objects  m  this  manner.  Separate 
■■arts  of  complicated  groups  and  of  colossal  figures  are  similarly  united, 
and  often  this  is  so  skillfully  done  that  it  is  imiiossible  to  say  whether 
the  whole  is  a  true  single  casting  or  is  composed  of  several  pieces  which 
have  been  separately  cast. 

Bude  as  the  appliances  and  methods  of  the  Japanese  art  founder 
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which  I  have  just  described  may  seem  to  us,  he  has  produced  with 
them  castings  iu  broiize  on  all  scales  which,  with  all  the  modem  eqoip- 
meuts  of  our  foaodrieB,  it  woald  be  difficult  for  us  to  excel.  Xhe  eim- 
plicity,  adaptability,  aud  portable  character  of  his  appliances  have 
been  of  special  advantage  to  bim  in  his  remarkable  achievements  in 
colossal  castings.  Thus,  when  a  huge  image  of  a  Buddhist  divinity  or 
a  bell  of  unusual  weight  was  ,  equired  for  a  t«mple  in  any  locality,  the 
whole  of  the  operations  were  conducted  on  the  spot.  Temporary  sbedx 
fur  the  modeling  were  erected  in  the  temple  grounds.  The  furnace  aad 
blowers  were  transported  thither  in  segmeuts;  sometimes  the  latter 
were  even  made  by  the  local  carpenters.  If  the  casting  bad  to  be  made 
in  one  piece  the  necessary  number  of  cujKila  furnaces,  each  with  its 
blower,  were  erected  ai'ound  the  mold.  The  cost  of  the  blast  was  nil, 
as  the  services  of  any  uuniber  of  eager  volunteers  from  the  crowds 
which  congregated  at  the  temple  festival  on  the  day  of  casting  were 
readily  obtained  for  the  meritorious  work  of  treading  the  blowing 
machines.  Id  this  way  the  greut  bells  and  colossal  images  were  cast 
It  may  be  interesting  to  note  here  that  the  methods  of  heating  the 
mold  and  of  repairing  defective  castings  were  in  use  in  Europe  daring 
the  tenth  and  eleventh  centuries,  and  doubtless  at  a  very  much  earUer 
date.  They  are  described  by  Theophilus  in  his  valuable  treatise,  De 
Diversia  Artibus,  written  in  the  early  half  of  the  eleventh  century, 
aud  his  description  is  practically  identical  with  that  I  have  just  given 
you  of  them  as  they  are  practiced  iu  Japan. 

*.— THE  ALLOYS  USED. 

The  success 'whi<th  the  Japanese  artist  has  attained  iu  the  execution 
of  his  famous  masterpieces  in  bronze  is  not,  however,  solely  due  to  his 
methods  of  modeling  aud  casting,  bat  is  largely  dependent  on  the 
physical  character  of  the  alloys  he  has  used.  His  alloy,  par  excellence, 
is  called  "karakane" — which  signifies  "Chiuese  metal" — this  naioe 
having  been  given  to  it  because  it  is  believed  not  to  have  originated  m 
Japan,  but  to  have  been  introduced  from  China.  The  exact  date  of  ite 
iutrodnction  is  unknown,  but  there  is  little  doubt  that  it  was  not  lat«r 
than  the  seventh  century,  when  the  bronze  coins  in  circulation  in  the 
country  were  chiefly  Chinese,  and  it  was  probably  iu  this  form  that  the 
Japanese  first  bet^ame  acquainted  with  it.  The  name  "karakane"  does 
not,  however,  designate  any  definite  alloy.  It  has  a  generic  rather 
than  a  speciflc  signification,  and  is  applied  to  a  very  varied  group  ol 
mixtures  of  metals  of  the  copiier-iiulead  series,  in  which  the  propor- 
tion of  copper  may  range  from  71  to  80  per  cent,  of  tin  from  2  to  8  per 
cent,  and  of  lead  from  5  to  15  per  cent. 

The  Table  II  which  follows  contains  all  the  analyses  of  the  alloys 
bearing  this  name  which  have  been  published  hy  various  analysts,  as 
well  as  some  which  I  have  made  myself  of  typi<;al  specimens.  It  also 
includes  Nevenil  other  allied  alloys  which  are  not  in  sach  general  use  as 
"karakane,''  but  are  valuable  for  special  purposes:    A_iO(v;lc 
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And  as  a  comparison  of  the  alluy  ':  karakaue  **  with  similar  alloys  of 
other  cuontxies  is  of  oonsiilLTablo  metal  luru^ical  as  well  as  historical 
interest,  I  have  given  in  Tablf  111  some  aniilyAea  of  ttev^rul  imt-i«ut 
olyects,  which  will  enable  this  compariimii  to  be  made. 

I  would  also  call  your  attention  to  a  very  valuable  series  of  aual.vfteft 
of  oriental  art  metal  work  made  nnder  the  direction  of  our  chairman. 
Professor  Roberts -A  asteii,  who  hna  won  fipe«-ial  distinction  fur  bis 
researches  on  alloys,  and  pnbllshed  by  the  scieiK-e  and  art  dOi>artn)ent. 

It  will  be  seen  from  Table  II  that  tbe  presence  of  lead,  as  an  ini|ior- 
tant  constituent,  is  one  of  the  cbaracteristiv  features  of  the  coni[>osi- 
tiou  of  tbe  Japanese  bronze  "  karakaue,"  although,  as  is  shown  in 
Table  111,  it  is  not  peculiar  to  them.  Sevenit  reaa«>n8  have  been 
advanced  for  the  origin  of  the  presence  of  this  metal  in  ci>pper-tin 
alloys;  those,  however,  we  need  not  discuss  here.  One  thing  is  cer- 
tain, that  even  in  very  early  times  the  relative  properties  of  cop{ier- 
tin  and  copiier- tin- lead  alloys  were  known,  as  in  almost  all  sikecimeus 
which  have  been  analyzetl  swords  and  weai>ons  in  whi<^^h  strength  and 
hardness  were  eKsential  consist  of  the  former  ((■o])pertin),  and  coins,  - 
decorative  objects,  and  figures,  in  which  these  properties  were  not 
necessary,  of  the  latter  (cop|>er- tin- lead). 

The  wide  range  in  tbe  proportions  of  the  constituents  of  okarakane" 
is  fully  demonstrated  by  tbe  analyses  given  above.  This  variability 
iu  comgiosjtion  is  not  solely  the  result  of  attempts  on  the  part  of  tbe 
founder  to  produce  special  alloys,  as  might  beoonjetttured,  but  is  cliiedy 
owing  to  tbe  practice,  univerKally  adopted,  of  mixing  considentble 
quantities  of  old  metiil  "Ht-rap"of  unknown  composition  with  the 
furnace  charge,  even  when  the  copi>er,  lead,  and  tin  of  the  same  charge 
have  been  carefully  weighed  in  delinite  proi>orttous,  a  practice  not  alto- 
gether unknown  in  this  country,  lu  the  Citse  of  the  temple  bronzes,  it 
is  generally  due  to  their  having  been  cast  from  accumulations  of  ex 
voto  offerings  of  the  most  heterogeneous  cliaractor. 

A  few  wonlson  tbe  purity  of  the  metals  used  by  the  Japanese  in  pre- 

pBfiug  their  alloys  may  not  be  out  of  place  here.    The  copper,  as  will  be 

Been  from  the  following  analyses,  is  almost  without  exception  extremely 

free  from  the  injurious  metals — arsenic,  antimony,  and  bismuth: 

Japanae  copper  refinrd  by  malire  procrtia. 
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Impertectly  reilDed  copper,  containing  larger  proportioaH  of  snlpfaur 
and  iron  than  those  given  above  bnt  Btdll  comparatively  free  from 
araenic,  autimotiy,  and  biamuth,  is  aometimes  used.  When  Japanese 
caatings  are  nnsonnd  from  vesicular  cavities,  the  aDSonudness  is  gen- 
erally due  to  tlie  aulphnr  in  such  copper.  The  sulphnr  becomes  oxi- 
dized, during  melting  and  pouring  the  alloy,  to  gaseous  salphnrons 
anhydride,  and  the  cavities  are  formed  by  babbles  of  this  gas  being 
retained  in  the  casting  during  solidification.  In  our  own  foundries 
this  element  is  also  too  frequently  the  ansnspected  caose  of  the  same 
defects  in  caatings. 

The  tin  used  generally  containa  lead,  occaaioually  iron  and  copper, 
but  rarely  other  impuritiea. 

The  lead  is  tolerably  pure,  escepCing  that  it  always  contains  a  little 
silver. 

Zinc,  which  is  of  frequent  occurrence  iu  Japanese  bronzes  (karakane), 
has  never  been  added  aa  metal,  and  its  presence  la  due  to  the  brass 
articles  which  often  form  part  of  the  "scrap"  of  the  fnruace  charges. 

The  preaence  of  araenic  and  antimony,  both  of  wtiich  are  often  found 
in  considerable  amounts  iu  these  alloys,  is  not  due  to  the  uae  of 
impnremetalSfbutto  the  addition  of  a  paeudospeisecalled  "shiro-m^" — 
a  by-product  of  the  desilverizationof  copper  by  lead' — the  compo:»itioD 
ofwhich  is  given  ill  the  following  analysis,  which  I  have  made  of  a  char- 
acteristic specimen : 

ShlroiDA.  Sblm^ 

Copper 72.70  Silvor 1.33 

Load 8.53  Snlphor 33 

ArHBuic 11.37  Zinc Nil. 

Antinon; 4.27  Gold Ti«ce 

Tin 93  

Iron 13  99,50 

The  first  official  record  we  have  of  the  use  of  thispBeudospeiseiscon- 
tained  in  an  edict  of  the  Government  in  1764,  prescribing  its  addition 
to  the  copper -tin-lead  bronze  to  be  used  in  the  mints  for  the  casting  of 
coins,  but  doubtless  it  had  been  similarly  employed  very  much  earlier 
than  that  date,  aud  almost  certainly  in  the  casting  of  the  colossal 
Buddha  in  Kioto  in  1614  A.  D.  It  was  added  to  the  alloy  in  order  to 
increase  it»  hardness  without  (iimiuiahing  ita  fusibility,  and  to  obtain 
in  the  castings  a  sharper  impression  of  the  mold  than  was  possible  witb 
the  copper-tin -lead  alloy  aloue.  Daring  later  years  it  has  been  naed  by 
some  bronze  founders  because  its  addition  to  "karakane"  has  been 
found  to  facilitate  the  production  of  the  gray  patina,  which  is  preferred 
for  objects  which  have  to  be  decorated  with  iulaid-line  designs  in  silver. 

It  is  almost  needless  to  say  that  silver,  although  mentioned  in  temple 
records  as  having  been  added  to  the  bronze  used  for  the  casting  of  some 
of  their  famous  images  and  bells,  has  never  been  so  added,  as  there  is 
never  more  present  than  can  be  accounted  for  by  its  occurreuce  in  the 
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copper,  lead,  or  Bbirom^  used.  Mercury  aud  gold,  wbich  are  also  erro- 
neonsly  recorded  as  constituents  of  soiue  uoted  bronzes,  do  not  exist 
in  the  alloy,  and  can  only  Lave  been  used  for  gilding  their  surfaces. 
Patcfaes  of  gold  have,  however,  been  employed  for  tbe  decoration  of 
some  ancient  bronzes. 

The  chief  characters  on  which  the  value  of  the  Japanese  copper-tiii- 
lead  alloys  as  art  bronzes  depend  may  be  briefly  stated  as  follows: 

(1)  Low  melting  point.  This  is  of  especial  imitortance  to  the  Japa- 
nese fODUder  owing  to  tbe  ftisible  nature  of  the  clays  and  sands  of 
which  bis  cmcibles  and  molds  are  made. 

(2)  Great  fluidity  when  melted  compared  with  the  sluggishncRs  of 
copper-tin  bronzes. 

(3)  CapabiUty  of  receiving  sharp  impreBStons  of  the  mold. 

(4)  Their  contraction  on  solidification  is  not  excessive. 

(5)  Their  peculiar  smooth  surface. 

(6)  Tbe  readiness  with  which  they  acquire  rich  patinas  of  many  tints 
when  suitably  treated. 

Tbe  advantages  resulting  i^om  tbe  above  properties  will  be  obvious 
to  all  artists  in  bronze.  They  are  chiefly  the  result  of  the  use  of  lead 
aa  one  of  tbe  chief  constituents  of  tbe  alloys.  The  low  melting  point 
of  these  bronzes,  their  fluidity  when  melte<l,  and  tbe  facility  with  which 
they  acquire  certain  patinas  are  indeed  entirely  due  to  the  use  of  this 
metal.  Tbe  flue  velvety  surface  and  sharpness  of  the  castings  depend 
in  a  great  measure  on  the  structure  of  the  mold  and  its  comparative 
high  temperature  when  tbe  bronze  is  poured  into  it,  although  partly 
also  on  tbe  influence  of  the  lead.  These  alloys  are,  however,  not  with- 
out some  disadvantageous  physical  properties,  and  these  are  also  dae 
to  the  lead  which  they  contain.  They  are  often  low  in  tenacity,  and 
offer  but  little  resistance  to  bendiug  and  torsisn  when  compared  with 
simple  copper-tin  bronzes,  even  when  they  contain  sufficient  tin  to 
enable  them  to  hold  more  lead  in  solution  than  they  would  otherwise 
do.  Their  use  is  hence  almost  limited  to  the  jiroduction  of  objects  of 
art.  And  even  for  those  art  castings,  such  as,  for  example,  large 
equestrian  or  other  statues,  where  a  considerable  strain  has  to  be  borne 
by  certain  parts,  their  use  is  uuadvi»able.  liut  in  most  art  castings  of 
moderate  size — and  even  in  many  of  colosHal  proportions,  where  the 
position  of  tbe  center  of  gravity  of  the  mass  does  not  cause  excessive 
tension  JD  any  part — it  is  not  necessary  that  the  mvtal  of  which  they 
are  cast  should  possess  great  tenacity.  For  all  such  these  alloys  are 
eminently  adapted,  and  ewpecially  so,  au  by  no  others  can  the  work  of 
the  artist's  hand,  with  all  its  delicate  and  masterly  touches,  be  so 
readily  and  perfectly  reproduced. 

1  do  not  think  tliey  could  be  advantageously  used  for  statues  or 
monuments  exposed  to  the  weather  in  the  impure  atmosphere  of  our 
great  towns,  but  for  castings  protected  from  these  combined  adverse 
iofluences  I  think  the  Japanese  bronze,  "karakene,"  is  worthy  of  a 
trial    As  we  have  seen,  the  Japanese  founders  have  no  flzejl  f^^,Bf»^- 
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ard  composition  for  their  alloy.     I  may  hence  be  permitted  t 

the  proportions  iu  which,  in  my  opinion,  the  metals  should  be  mixed  to 

produce  a  bronze  which,  for  castings  of  moderate  size  and  thickness, 

would  secure  many  of  the  advantages  possessed  by  it.    They  are  as 

folloiirs: 
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The  zinc  to  be  omitted  from  castings  with  very  delicate  lines  of  ornament. 

Specimens  of  each  of  these  alloys  are  on  the  table  for  your  inspec- 
tion, also  a  specimen  of  ordinary  gun  metal,  0,  containing  2  per  cent  of 
zinc,  for  comparison  with  them.  They  do  not  differ  much  in  tensile 
strength,  that  of  A  being  13.25  tons,  of  B  12.19  tons,  and  of  C  14.29 
tons  per  square  inch.  These  alloys  have  been  kindly  prepared  for  me^ 
and  their  tensile  strengths  determined  by  the  Brooghton  Copper  Com- 
pany (Manchester),  who  are  specially  skilled  iu  the  manafacture  of 
copper  alloys. 

The  other  alloys,  which  are  not  contained  in  the  "  karakane  "  group, 
do  not  require  a  lengthy  consideration,  as  they  are  much  less  fre- 
quently made  use  of  by  artists.  Thus  the  simple  copper-tin  alloys 
whi<'h  were  employed  in  prehistoric  times  are  not  found  in  use  aftei 
the  introduction  of  "  karakane  **  from  China  until  comparatively 
recently,  and  then  only  occasionally  for  mirrors. 

Neither  have  the  copper-zinc  alloys,  "  Sbinchu,"  or  brass  (Table  II, 
"Sob.  24  and  25),  been  much  in  favor  among  artists.  They  were 
unknown  iu  Japan  before  the  establishment  of  Buddhism,  and  were 
probably  introduced  contemporaneously  with  that  religion  from  China 
(sixth  century  A.  C).  Their  use  in  art  has  been  almost  exclusively 
restricted  to  the  production  of  the  ceremonial  vessels  and  utensils  of 
temples  and  shrines,  and  especially  for  tJie  "  Go-gusoku,"  or  five  orna- 
ments of  the  Buddhist  altar. 

Even  when  a  yellow  metal  is  needed  for  the  purposes  of  decorative 
ornament  brass  is  seldom  used,  copper  coated  with  gold  being  preferred, 
the  rich  color  and  quality  of  the  gold  surface  being  more  pleasing  to 
the  Japanese  than  the  harsher  tones  of  the  copper-zinc  alloy.  Hence 
there  is  scarcely  a  single  example  in  the  country  of  any  great  work  of 
art  executed  in  brass. 

Occasionally  the  yellow  bronze,  "sentokn"  (Table  II,  No.  26),  con- 
sisting of  copper,  tin,  and  zinc — an  alloy  occupying  an  intermediftte 
position  between  "  karakane"  and  brass — is  used  instead  of  the  latter 
alloy.  It  is,  however,  probably  not  older  than  the  fifteenth  century. 
An  old  Chinese  legend  records  that  it  was  accidentally  discovered  after 
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the  destmction  of  a  temple  by  fire,  wbeu  the  brouze,  brass,  and  gold 
vessels  of  the  altar  were  melted  together  iuto  a  mass.  The  beautiful 
color  of  the  metal  attracted  tbe  atteutioii  of  some  nrtfouoders,  who, 
after  nainerous  unsoccessftil  attempts,  at  last  nucceeded  in  prodnciiig 
an  alloy  resembling  it.  Gold  is  said  to  be  an  essential  ingredient  iu  its 
composition,  bat  I  have  not  found  any  in  tbe  specimens  I  bave  exam- 
ined. It  is  not  in  very  common  use.  Vases  and  other  objects  cast  of 
it — generally  with  bat  little  ornament  in  relief — are  occasionally  met 
with,  but  the  finest  specimens  are  found  among  tbe  guards  and  other 
ornamental  furniture  of  the  sword,  and  alt  are  cbietly  notable  as  exam- 
ples of  chasing  rather  than  of  fouuding,  or  for  tbe  beautiful  color  and 
texture  of  their  surfaces. 

The  method  of  preparing  or  melting  bronze  is,  as  is  well  known  to 
all  founders,  secondary  only  to  its  correct  composition,  and  as  it  bas 
such  an  important  indneuce  on  the  character  of  tbe  castings,  one  or 
two  points  relating  to  it,  derived  twm  my  own  exi>erience,  may  be 
briefly  considered  here.  Cupola  furnaces  should  never  be  used  for  an; 
bronze  castings.  If  coke  is  employed  as  fuel  in  them  the  metal  will  be 
contaminated  with  sulphurous  anhydride  (SO^),  and  tbe  casting  will 
be  reaicnlar.  This  may  be  avoided  by  using  charcoal,  but  witb  either 
fuel  tbe  bronze  will  be  of  uncurtain  composition.  The  Japanese  inethud 
is  In  this  respect  decidedly  faulty. 

For  castings  of  small  or  moderate  si/*  tbe  bronze  should  be  melted 
in  plumbago  crucibles.  For  large  castings  requiring  the  contents  uf 
several  crucibles  a  vessel  of  sufficient  capacity  should  be  provided  into 
which  the  metal  from  all  tbe  crucibles  should  be  poured,  and  then  from 
it  into  the  mold. 

The  bronze  should  not  be  stirred  with  iron  rods,  or  it  will  be  con- 
taminated with  iron,  but  witb  plumbago  stirrers.  This  method  should 
be  adopted  whenever  practicable,  even  for  caNtings  of  considerable  sizo, 
and  the  fuel  used  should  be  charcoal  or  s|>ccia1ly  selected  coke  as  free 
as  possible  from  sulphur. 

For  colossal  4rasting8  reverberatory  furnaces  must  be  used,  and  when 
worked  with  care  they  give  satisfactory  results.  A  point  apt  to  be 
neglected  in  these  furnaces  is  tbe  proper  mixing  of  tbe  alloy — not  a 
difficult  matter,  but  requiring  more  sujiervision  than  is  often  given  to 
jt — and  everyone  who  has  bad  to  make  many  castings  with  them  will 
have  occasionally  found  crusts  uf  a  white  alloy  attached  to  the  sides  of 
tbe  hearth,  indicating  that  some  of  the  castings  did  not  contain  their 
full  amount  of  tin. 

A  second  point  of  importance  which  is  often  overlooked  is  the  liabil- 
ity of  the  metal  to  absorb  sulphurous  anhydride  (SOj)  from  the  prod- 
acts  of  combustion  of  the  fuel.  This  may  be  prevented  by  keeping  a 
sufficient  supply  of  charcoal  on  the  melting  hearth  while  tbe  copper  is 
being  melted,  and  afterwards  a  thick  layer  on  its  surface,  and  at  the 
same  time  guarding  against  a  large  accumulation  of  ashes  and  cliuker 
mthe  fireplace.  n,_, ,.  n,Cooc^lc 


648  THE  ART  OF  CASTING  BBOKZE  IN  JAPAN. 

Anotlier  important  point  is  tbe  prevention  of  the  formation  of  sab- 
oxide  of  copper  (CujO)  daring  tbe  melting  of  the  copi»er  before  the 
addition  of  the  tin  and  otiier  metals,  as,  whenever  this  is  formed,  it  dis- 
solves in  the  copper,  and  wlieii  the  tin  and  zinc  are  added  it  reacts  with 
them,  forming  difficnltly  fusible  oxides,  which  diminish  very  greatly  tbe 
fluidity  of  the  bronze.' 

It  is  prevented,  to  a  certain  extent,  by  keeping  an  excess  of  charcoal 
on  the  melting  hearth,  but  too  often  this  is  an  insufficient  precantion, 
and  I  would  strongly  recommend  in  all  eases  that  the  copper  shoold  be 
treated  by  the  process  known  as  "poling"  before  the  addition  of  tbe 
tin  and  other  metals.  This  is  performed  by  placing  the  end  of  a  i>ole 
of  green  wood  below  the  surface  of  the  copper;  much  gas  and  vapor  - 
are  given  off,  the  metal  is  violently  agitated,  so  that  every  particle  is 
brought  into  contact  with  the  charcoal  on  its  surface,  and  all  traces  of 
suboxide  are  removed. 

Phosphorus,  aluminium,  and  manganese  have  each  the  eCTect  of 
removing  this  oxide.  They  should  not,  however,  be  added  in  excess, 
but  only  in  sofficient  quantities  to  insure  this  result.  The  kind  of  cop- 
per used  is  also  of  great  importance. 

The  purest  metal  obtainable  should  alone  be  employed  in  the  prepa- 
ration of  bronze  for  valaable  "cera  perduta"  castings, electro-deposited 
copper  if  possible,  or  at  least  what  is  known  as  "best  selected"  copper, 
and  this  should  have  an  electric  condnctivity  of  not  less  than  98  per 
cent  on  Matthiessen's  scale. 

5.— STAINS  AND  PATINAS. 

The  rich  patinas  which  Ja^tanese  bronzes  acquire  by  age  or  special 
treatment,  and  which  enhance  so  much  the  beauty  of  the  artists'  work, 
are  worthy  of  a  brief  consideration,  although  perhaps  they  do  not 
strictly  come  within  the  scope  of  the  title  of  this  paper.  In  many  broDzes 
the  beautiful  color  is  due  merely  to  a  "  stain,"  i.  e.,  a  colored  film  of 
infinitesimal  thinness.  In  others  the  surface  of  the  metal  is  altered  toa 
considerable  depth,  and  in  these  only  have  we  true  patinas.  Frequently 
both  a  "  stain  "  and  a  i>atina  are  produced  by  similar  treatment,  but  the 
operations  required  for  the  latter  are  of  a  more  prolonged  chiiracter  than 
for  the  former,  and  are  accompanied  by  special  manipnlations,  in  ad4li- 
tion  to  the  application  of  what  are  termed  pickling  solutions.  For  the 
production  of  true  patinas  of  the  richest  and  darkest  shades  of  brown 
by  Japanese  metbodn  it  is  essential  that  leml  should  form  one  of  the 
constituents  of  the  bronze,  and  that  zinc  should  either  be  absent  alto- 
gether or  be  present  only  in  small  proportions.  On  the  other  hand, 
"stains"  of  any  color  can  be  given  to  metal  of  any  comiMWition  and 
even  to  unalloyed  copper. 

The  sul)Stanoes  used  in  the  operations  are  copper  sulphate,  basic 


■  This  otto  be  eaaily  demoDBtratod  by  melting  a  little  copper  in  a  omeible,  allowing 
it  to  oxidize,  mid  tlien  ruXAiug  xino,  wh^n  the  resulting  allDjr  will  be  found  to  be  so 
Mt7  thnt  it  can  hardly  be  poured  out  of  the  orndble.    i  i    L  iOOQTC 


THE  AET  OP  CASTraO  BRONZE   IN  JAPAN.  649 

acetates  of  copper  (verdigris),  iron  sulphate,  sulphur  in  flue  powder, 
ftlnm,  vinegar  prepared  from  unripe  plums,  and  a  decoction  of  the  roota 
or  entire  plant  of  Calamagroati*  hakonenaiit  (Nat.  Ord.  Oraminew), 
potassium  nitrate,  and  sodium  chioride.  The  most  important  of  tliese 
reagents  are  the  Arst  five  in  the  above  ennmeration.  Various  mixtures 
of  these  are  dissolved  or  suspended  in  plum  vinegar  and  water  to  form 
what  are  called  the  pickling  solutions.  Sometimes  they  are  applietl  in 
the  form  of  pastes.  Some  are  also  used  singly  to  obtain  special  effects, 
eiipeciall;  the  decoction  of  Calamagrogiia.  The  proportions  in  which 
they  are  mixed  to  form  the  pickling  solutions  arc  different  in  every  art 
foondrj-,  even  for  the  same  patina.  Hence  several  recipes — said  to  be 
used  for  special  patinas — which  have  been  communicated  to  foreigners, 
and  in  which  these  proportions  are  given  in  very  exact  weights,  are  not 
strictly  representative  of  actnai  practice.  So  far  as  my  observations 
go,  the  ingretlients  are  never  carefully  weighed  in  makiug  a  solation, 
and  when  it  is  made  additional  quantities  are  so  often  mixed  with  it  at 
the  discretion  of  the  craftsman,  that  after  the  first  day  of  its  use  it  ia 
impossible  to  say  what  its  composition  really  is.  Old  solutions  are 
always  preferred  to  new,  and  in  many  cases  are  a<lded  to  the  new  in 
Urge  quantities,  thus  still  further  increasing  the  indeAniteness  of  their 
composition.  In  the  bronze  department  of  the  imperial  mint,  which 
was  soperintended  by  an  old  art  worker  of  great  skill,  there  was  only 
one  pickling  solution  for  the  treatment  of  bronze.  About  eqnal  parts 
of  copper  and  iron  sulphates  and  smaller  quantities  of  alum  and  sul- 
phur mixed  with  varying  quantities  of  plum  vinegar,  water,  and  old 
solution  were  used  in  its  prei>eratioo.  Abnost  every  variety  of  stains 
and  patinas,  excepting  red  and  green,  were  obtained  by  its  use  by 
vaiying  the  mode  in  which  it  was  applied  and  the  treatment  of  the 
bronze  between  tbe  applications. 

The  processes  for  producing  a  patina  by  the  use  of  these  solutions 
are,  as  might  be  expected  from  what  I  have  just  stated,  neither  simple 
nor  easy,  and  the  intermediate  operations  on  which  its  protluction 
depends,  more  than  on  the  exact  composition  of  the  solution,  are  no 
variously  modified  in  different  foandries  that  I  can  only  give  yon  an 
imperfect  account  of  their  chief  features  within  the  limits  of  this 
paper. 

When  the  casting  has  been  fVeed  from  any  adherent  jiortion  of  the 
mold  its  surface,  where  necessary,  is  very  carefully  smoothoil  by  lightly 
Tubbing  it  with  a  piece  of  soft,  close-grained  charcoal  or  with  an 
impalpable  powder  of  silicions  shale  prepared  by  levigation.  After  its 
anrface  has  been  thus  prepared  it  is  sometimes  boiled  in  a  decoction  of 
finely  gronnd  beans  {G/yftne  hiepida),thK  treatment  being  supjMsedto 
facilitate  the  action  of  the  pickling  solution. 

It  is  then  immersed  in  tbe  pickling  solution,  which  is  frequently 
heated  almost  or  quite  to  the  boiling  point,  but  sometimes  to  a  much 
lower  tejnperature.  In  other  cast's  it  is  alh>wed  to  remain  in  a  cold 
solution  for  many  hours.     Alter  the  casting  has  been  acted  on  until  the 
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required  effect  of  this  stage  of  the  process  has  beea  obtained  it  is  takea 
out  aud  washed  with  water,  and  also  with  a  decottiou  of  Calamagrostit. 
It  is  then  carefally  heated  over  a  brazier  containing  burning  charcoal, 
beiug  turned  round  from  timetotime  until  every  part  has  been  brought 
to  the  proper  temperatore.  Duriug  tbis  operation  it  is  frequently 
wetted  with  the  above  decoction  or  with  a  pickliug  solution,  and  the 
amount  of  time  and  patience  bestowed  on  this  manipnlatioo  is  almost 
incredible.  The  casting  is  again  submitted  to  the  action  of  the  pickle, 
again  heated  as  above  described,  and  these  operations  are  repeated 
until  the  desired  platina  has  been  produced. 

It  is  obvious  that  large  bronzes  can  not  be  thus  treated.  Tlie  pick- 
ling solution  can  only  be  applied  to  them  in  washes,  and  their  action 
is  thus  merely  sufficient  to  produce  a  very  thin  film  of  altered  metal, 
scarcely,  if  at  all,  more  than  a  stain,  and  the  true  patina  only  resulta 
from  the  action  of  time.  A  green  petina,  in  imitation  of  that  of  ancient 
bronzes  which  have  been  exposed  to  the  action  of  the  weather,  is 
obtained  by  treating  the  casting  with  plum  vinegar,  to  which  common 
salt  is  occasionally  added,  and  exjwsing  it  to  the  air,  and  sometimes  this 
is  supplemented  by  burial  iu  tlie  ground  for  varying  lengths  of  time. 
This  patina,  although  often  very  beautiful,  is,  I  need  hardly  say,  of  an 
entirely  different  character  from  the  mixture  of  carbonates,  oxychlo- 
rideM,  and  oxides  of  which  the  true  old  patina  consists. 

It  will  be  seen  from  the  foregoing  that  much  practice,  careful  observa- 
tion, and  patient  labor  are  required  for  the  successful  performance  of 
these  operations.  The  artist  has  no  definite  rules  for  his  gnidance  ia 
carrying  them  out,  each  seems  to  bave  liis  own  methods  of  procedure, 
and  these  be  varies  according  to  liis  experience.  His  success  does  not 
de|)end  on  the  use  of  solutions  of  definite  composition,  or  on  the  exact 
proportions  of  the  metals  in  his  alloys,  but  rather  on  hia  ability  to  cor- 
rectly modify  the  manipulation  of  the  various  stages  of  the  process,  so 
that  the  patina  he  aims  at  may  be  infallibly  produced.  These  are  the 
chief  features  of  what  may  be  termed  the  "wet"  method  of  producing 
patina.  The  oldest  bronzes,  however,  owe  tbeir  patinas  almost  exclu- 
sively to  the  action  of  time,  aud  those  of  intermediate  age  generally  to 
"dry"  methods,  in  which  they  were  exposed  to  carefully  regulated 
temperatures  in  furnaces  heated  by  charcoal.  These  "dry"  methods 
have  now  been  almost  entirely  displaced  by  the  "wet"  methods  just 
described,  and  were  not  in  use  in  the  foundries  iu  Osaka  to  which  I 
had  access,  so  that  I  bave  not  seen  them  in  oi>eration.  Several  sjieci- 
niens  of  bronzes,  with  magnificent  patinas,  are  exhibited  from  the  col- 
lections of  my  fi^ends,  Mr.  Alfred  Cock,  Mr.  Swan,  and  Mr.  Tomkinson. 

From  tlie  account  I  have  just  given  you — I  fear  a  very  imper&ct 
one— of  the  methods  of  casting  bronze  in  Japan,  it  will  be  seen  that 
they  do  not  differ  very  greatly  from  ours.  The  chief  differences  lie  in 
the  use  of  the  artist's  model  itself,  in  the  preparation  of  the  mold, 
in  the  beating  of  the  mold,  and  the  composition  of  the  bronze.  All 
these  we  can  imitate;  bat  the  special  excellence  of  Japanese  bronte 
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caBtings — tbe  faithful  reproduction  of  the  wax  model,  the  comparstire 
absence  of  retouching,  the  delicacy  and  vigor  of  the  relief  decoration — 
are  not  due  solely  to  these,  bat  are  the  results  of  a  comhioation  of  con- 
ditions vhich  are  only  of  exceptional  occarrence  here.  Chief  among 
these  is  the  nature  of  the  JapaneBc  people,  the  intense  feeling  and  love 
of  art  with  which  they  have  been  imbued  for  centuries  past,  and  their 
just  and  enthusiastic  appreciation  of  faithfulness  in  work.  These  qual- 
ities have  made  every  workman  an  artist,  hence  the  patient  and  mar- 
veloas  skill  which  we  see  displayed  in  all  his  work,  as  well  on  common 
articles  for  everyday  nue  as  on  those  for  the  8|>ecial  pnrpose  of  decora- 
tion. The  training  which  the  artist  receives  in  the  operations  of  fonnd- 
ing  is  also  an  important  factor  which  caii  not  be  overlooked.  Besides 
these  there  is  an  esprit  de  corps  in  the  staff  of  a  Japanese  art  foninlry, 
which  is  not  always  found  in  Earopo,  the  oatcome  of  which  is  that  an 
amount  of  painstaking  care  almost  incredible  is  exercised  by  all,  so 
that  the  work  shall  bo  as  perfect  as  they  can  make  it  and  worthy  of 
the  renown  of  their  master. 

One  word  only  in  conclusion.  I  think  it  will  be  admitted  by  all  that 
a  sculptor  should  himself  jtossess  a  practical  knowledge  of  the  technical 
processes  by  which  his  work  is  to  be  reproduced  in  bronze.  Mow  in 
this  country  this  knowledge  can  only  be  acquired  with  the  greatest  dif- 
ficulty by  our  artists,  as  it  does  not  form  &  part  of  any  course  of  their 
art  training.  1  would  hence  repeat  and  indorse,  with  the  emphasis  it 
deserves,  the  suggestion  made  by  Mr.  Simonds  in  a  valuable  paper  on 
"Artistic  bronze  casting,"  read  before  this  society  nine  years  ago,  "that 
studios  should  be  established  in  connection  with  onr  national  art  schools, 
where  the  student  of  sculpture  could  be  jtractically  taught  the  various 
processes  incidental  to  his  profession  of  molding  and  bronze  casting," 
and,  I  would  add,  the  coloring  of  metals.  It  would  seem  to  be  a  matter 
in  the  enconragement  and  development  of  which  our  society  might  be 
able  to  afford  valnable  aid.  There  should  be  no  insuperable  difficulties 
in  carrying  it  out,  and  1  am  sure  you  will  agree  with  me  that  if  it  were 
carried  out  it  could  not  fail  to  be  of  inestimable  value  to  our  artists, 
and  to  promote  in  no  small  degree  the  advancement  of  the  art  of  bronze 
founding  in  onr  country. 

The  magnificent  bronzes  which  I  have  the  privilege  of  exhibiting  to 
yon  to-niglit  are  chiefly  from  the  collections  of  my  friends,  Prof.  W. 
Anderson,  Messrs.  W.  Cleverly  Alexander,  Alfred  Cock,  E,  Dillon,  P. 
Dillon,  W.  E.  Hennell,  Sir  Trevor  Lawrence,  Messrs.  II.  Mills,  Alfred 
Parsons,  Charles  II.  Bead,  F.  A.  Satow,  W.  Harding  Smitli,  R.  Phene 
Spiers^J.  M,  Swan,  H.  V.  Tebbs,  and  M,  Tonikinson,  to  all  of  whom  I 
desire  here  to  express  my  sincere  thanks  for  having  so  kindly  lent  them 
for  the  illustration  of  my  paper,  and  especially  so  as  I  feel  that  any 
int«rest  it  may  have  had  in  largely  due  to  them.  I  also  owe  many 
thanks  to  M.  Gernuschi  for  his  kindneRs  in  permitting  me  to  have  pho- 
tographs taken  of  the  fine  specimens  in  his  unique  collectipB,^whi<]h  I 
have  shown  yon  on  the  screen. 


I,  whiqh 
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STUDY  AND  BBSBAROH.' 

By  Rudolph  Vibcho-w. 

Oar  aiiiversity,  since  its  fouDdntion  ei?bty>two  yeArn  ago,  lias  been 
in  the  babit  of  velebratiug  the  beginning  of  its  sctioiastii;  year  with  pur- 
tiCBlarly  Bolemu  feelings.  Among  the  festivals  it  observes,  this  Octo 
ber  day  above  all  invites  self-scrattny,  a  review  of  past  successes,  ao 
ezamioatioQ  of  the  methods  puraued,  and,  on  the  other  band,  a  coDsid* 
eration  of  new  problems,  a  survey  of  the  fature.  Have  we  proved  pur- 
selves  able  to  perform  the  tasks  devolving  upon  us  t  Have  we  used  to 
good  purpose  oar  means  for  the  training  of  youth  to  futfilt  the  highest 
.ums  of  the  state  and  of  hnmanityt  Do  we  ei^uy  the  consciousness 
that  the  hopes  have  been  realized  which  oar  activity  aroused  iu  our- 
selves and  in  our  country  t 

Upon  the  new  rector  rest«  the  heavy  responsibility  of  interpreting 
these  and  similar  refiections.  But  who  has  the  eloquence  to  sum  up  iu 
a  general  statement  all  the  widely  diverging  ideas  of  his  coUeaguesI 
How  few  succeed  in  gaining  even  a  superficial  view  of  the  changes 
ODceasingly  taking  place  in  the  sciences!  Not  one  of  ns,  we  n-ankly 
confess,  is  an  authority  on  all  branches  of  human  knowledge;  not  one 
can  do  more  than  judge  the  course  of  studies  at  the  university  from 
the  point  of  view  of  bia  specialty,  his  individual  experience.  The  temp- 
tation thus  assaUs  the  speaker  to  disonss  the  branch  to  which  be  lias 
devoted  himself  rather  than  study  in  general.  I  shall  endeavor  to  stcitr 
clear  of  this  danger.  Forty-six  years  ago  I  benatne  a  member  of  this 
bcoJty  in  the  capacity  of  privatdocent:  for  forty-three  years  1  have  been 
ordinarius  in  an  out-of-t^twn  university  and  here,  and  now  the  coiifl- 
dence  of  my  colleagues  has  honoreil  me  with  this  high  post.  In  the 
interval  great  changes,  greater  than  those  of  centuries  before,  have 
taken  place  in  science  as  well  as  Jn  political  life.  All  departments  of 
human  endeavor  have  been  remodeled,  some  undergoing  radical  trans- 
formation, others  being  subjected  to  incisive  criticism.  Who  that  has 
been  interested  in  public  life  can  have  failed  to  note  and  seriously  con- 
sider these  great  hap[>entng'4T  University  life  is  surely  not  an  isolated 
phenomenon  amid  the  spiritual  experiences  of  the  nations.  We  uni 
versity  teachers  are  forced  to  keep  constant  watch  upon  all  departments 

■Trsnelstioti  of  ftn  address  b;  Rudolph  Vircbow  on  BiwiraiDg  th«  rectonbip«l  tiM 
Friodiicb-Wilbeliu  Uuiversity,  at  Berlin,  October  16,  1K«.  C  'otSijIr 
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of  edncatioD,  npon  the  elementary  and  aecondary  schools,  which  sen  to 
supply  us  with  zealous  young  knowledge-seekers,  aud  no  less  upon  the 
instruction  dispouBed  at  the  higher  schools,  especially  the  tecliuical 
institutions,  many  of  which  have  latterly  manifested  the  laudable  ambi- 
tion to  he,  or  at  least  to  be  called,  high  schools  (Hochschuleii).  Fortbe 
primary  establishmetits  the  university  is  a  constant  warning  to  equip 
their  wards  so  thoroughly  that  they  may  take  in  our  instruction  with 
full  understandiug;  for  the  higher  institutions,  it  is  a  model  by  which 
to  fashion  their  methods  and  expedients.  On  the  other  hand,  the  uni- 
versity has  the  duty  to  furnish  the  state  and  society  with  generation 
after  generation  of  well-trained  youug  men  permeat«d  with  systematic 
knowledge,  governed  by  high  moral  views,  keeping  alive  the  sacred 
torch  of  science,  and  bearing  it  aloft  through  all  the  iierplexities  and 
darkness  of  daily  life. 

Time  was  when  not  only  this  exalted  position  of  the  universities  was 
generally  recognized,  but  when  they  were  distinguished  by  great  priv- 
ileges, many  of  which  are  now  lost.  We  have  passed  the  j>eriod — a 
fortunate  even  if  not  a  permanent  condition — wheu  universities  were 
exposed  to  violent  attacks,  and  most  irksome  restrictions  of  their  lib- 
erty were  demanded.  But  we  will  not  forget  that  this  university,  too, 
establisbetl  in  sad  days  to  be  in  the  words  of  its  founder,  Frederick 
WUliam  III, "  a  nursery  of  better  times,"  fell  under  suspicion,  and  was 
stibjected  to  rigid  surveillance.  Various  reasons  combined  to  produce 
so  sad  a  condition  of  affairs.  One  of  them,  and  I  beg  that  you,  my 
dear  students,  give  it  your  special  attention,  arose  out  of  the  attitude 
of  many  students,  and  was  due  to  the  widespread  misconception  with 
regard  to  the  objects  of  study  and  the  position  of  the  students. 

No  less  a  man  tlian  Johann  Gottlieb  Fichte  was  the  first  to  give 
expression  to  this  thought  on  an  occasion  similar  to  the  present  one. 
In  his  memorable  address  "on  the  only  possible  interference  with  aca- 
demic liberty,"  delivered  on  October  19, 1811,  when  he  assumed  his  duties 
as  the  first  rector  of  our  university,  he  said,  "  Only  he  that  studies  is  a 
student;"  a  severe^dietum,  but  worthy  of  cousideratiou.  With  pro- 
phetic insight  he  describes  the  consequences  when  students,  instead  of 
considering  study  their  chief  task,  "instead  of  concentrating  all  their 
thinking  and  planning  upon  their  chosen  science,"  spend  their  time  iu 
cherishing  obsolete  traditions  connected  with  a  separate,  privileged 
student  class,  and  in  keeping  up  supposed  prerogatives.  Let  it  suffice 
to  refer  to  this  address,  which  every  student  may  profitably  read.  Fichte 
was  careful  to  point  out  that  he  was  not  speaking  of  conditions  preva- 
lent at  our  university,  but  that  he  had  in  mind  the  "state  of  afl^rs  at 
other  universities,"  and  the  serious  tone  of  his  admonition  plainly  dis- 
closes his  opinion  of  the  gravity  of  the  danger,  so  threatening,  indeed, 
^hat  ho  considered  it  the  "only  possible  iutertbrence  with  academic 
liberty. " 

The  serious  crisis  which  occurred  a  few  years  later,  overwhelming  all 
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tbe  German  aniversities,  mention  of  wbicb  recalls  the  Carlsbad  Reeoln- 
tionst  has  at  last  vaniehed,  and  ve  realize  with  gratitude  that  it  has 
left  ns  in  undiminished  enjoyment  of  oar  most  precious  possessions — 
liberty  of  inatraction  and  liberty  of  study  (Lehrfreiheit  nnd  Lemfrel- 
beit),  possessions  in  which  we  have  abundant  reason  t<»  take  pride  when 
we  compare  our  own  with  other  European  nations.  Teachers  and 
students  have  lost  none  of  that  independence  and  self-dependence 
which  grow  out  of  the  feeling  of  responsibility,  and  are  incompatible 
with  control  firom  without  In  particular,  liberty  of  instruction,  granted 
as  a  special  privilege  by  emperors  and  miers  up  to  the  dissolution  of 
tbe  German  Empire,  has  become  a  constitutional  right  in  our  time. 
Moreover,  we  retain  the  privilege  of  choosing  our  rector  through  our 
professors  (ordentlicbe  Professoreu),  and  the  corporate  character  of  tbe 
university  has  not  been  called  into  question  before  the  law. 

To  be  sure  many  other  privileges,  originating  when  the  body  of 
students  was  well  nigh  sovereign  and  medieval  customs  determined 
the  conditions  of  student  life,  have  vanished  wholly.  Even  academic 
jurisdiction,  with  tbe  exception  of  a  certain  degree  of  disciplinary 
competence,  has  been  abolished;  our  scepters,  which  appear  on  occa- 
sions like  this,  are  ornaments  rather  than  the  insignia  of  jiower.  The 
Btadent  is  wholly  amenable  to  civil  law;  he  is  a  citizen,  like  those  in 
other  walks  of  life,  and  it  behooves  him  to  know  that  tie  now  enjoys  no 
privilege  bnt  that  granted  him  by  reason  of  his  preparatory  education, 
namely,  liberty  of  study,  and  that  to  be  acfjuired  by  devotion  to  uni- 
versity studies,  namely,  eligibility  to  many,  in  fact  tbe  highest,  positions 
in  the  gift  of  tbe  state.  For  tbe  rest,  we  no  longer  have  any  academic 
liberty  that  differs  from  ordinary  civil  liberty.  The  student  has  no 
peculiar  legal  code;  tbe  academic  citizen,  like  every  other  citizen  of 
tbe  state,  must  look  to  the  constitution  as  the  source  of  law.  But 
tbe  constitution  has  granted  him  more  rights  than  he  possessed  before, 
esi>ecially  the  right  of  occupying  himself  with  politics  within  the 
limits  set  by  the  constitution  and  by  law,  and  exemption  from  tbe 
jurisdiction  of  special  courts. 

Therefore,  my  dear  students,  receive  my  well-meant  counsel  to 
devote  yourselves  to  study  as  your  first  and  foremost  task,  with  high 
seriousness  and  with  the  consciousness  of  all  it  involves.  Self-evident 
as  it  may  seem,  experience  teaches  that  this  admonition  can  not  be 
repeated  too  often  or  with  too  much  emphasis.  It  applies  not  alone  to 
the  last  terms  at  tbe  university,  but  to  the  early  ones  as  well.  The 
more  abstruse  and  comprehensive  tbe  science  which  tbe  matriculate 
student  chooses  as  his  specialty,  the  earlier  must  methodical  study 
begin;  for  tbe  instruction  of  the  later  terms  is  intelligible  only  when 
based  on  that  of  the  earlier.  The  temptation  to  enjoy  academic  liberty, 
first  of  all  by  neglect  of  study,  is  doubtless  great  with  a  young  student. 
Stepping  out  from  under  the  rigid  discipline  of  the  gymnasium  into  the 
golden  sunlight  of  academic  liberty,  be  feels  sensuous  delight  in  stretch- 
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ing  liis  limbs  and  actiug  iu  an  irresponsible,  improvident  way.  We  all 
know  tlie  feeling,  atid  are  in  tlie  babit  of  treating  tbis  use  of  academic 
liberty  with  "academic  forbearance."  But  a  limit  must  be  set  to  for- 
bearance; for,  in  reality,  academic  liberty  according  to  our  iuterpre- 
tatiou  and  according  to  tbat  of  tbe  state,  is  a  very  different  affair. 
"Academic  liberty"  is  not  "liberty  to  do  nothing,"  not  "liberty  in  the 
pursuit  of  pleasure  or  tbe  indulgence  of  the  passions,"  but  "  liberty  of 
study."  This  is  true  academic  liberty,  to  practice  which  tbe  oniversity 
is  opened  to  students. 

Neither  teachers  nor  students  should  forget  tbat  the  aim  of  nniversity 
work  is  high:  general  scientific  and  ethical  culture  and  full  mastery  of 
some  one  branch  of  knowledge.  At  least  once  in  his  life,  and  that  at 
the  end  of  his  university  course,  the  attainments  of  a  cultored  yonng 
man  onght  to  reach  tbe  tide  mark  of  scientific  research,  particularly  in 
bis  specialty.  If  he  fails  to  gain  that  point  then,  there  is  little  hope 
that  be  will  ever  take  creditable  rank  with  bis  scientific  associates;  he 
has  the  prospect  of  never  being  anything  bnt  a  bungler.  Let  none 
deceive  himself  on  this  subject;  only  in  exceptional  cases  does  a  period 
of  study  occur  later  iu  life  equal  in  freedom  to  that  normally  granted 
the  academic  citizen. 

For  the  full  exercise  of  this  liberty  of  stndy  the  flrst  condition  is 
love  of  Btady.  Indisposition  to  study  and  liberty  of  study  are  contra- 
dictory terms.  The  would-be  university  student  is  at  once,  on  entering, 
forced  to  decide  what  and  bow  he  will  study.  He  who  lacks  desire  to 
study  will  evade  the  issue.  With  such  an  one  choice  is  not  exercised  as 
to  tbe  manner  of  studying;  it  wavers  between  studying  and  not  study- 
ing. Tbe  university  has  no  means  of  compelling  study.  Tbe  disci- 
plinary and  regulative  measures  at  its  command  are  barely  stringent 
enough  to  insure  attendance  at  lectures;  only  the  medical  faculty  pos- 
sesses in  its  examinations  an  institution  calculated  to  enforce  a  certain 
degree  of  order  in  the  sequence  of  lectures  and  exercises.  But  experi- 
ence t«acheB  that,  in  tbe  absence  of  love  of  study,  even  tbis  regulation 
fails  to  produce  satisfactory  results.  How,  then,  can  love  of  study  be 
awakened  T 

At  a  great  university  like  ours  tbe  personal  influence  of  the  teacher 
upon  individual  students  is  naturally  very  limited;  only  peculiar  cir- 
cumstances make  it  possible  for  the  teacher  to  come  into  close  contact 
with  a  small  circle  of  those  he  addresses  or,  in  very  exceptional  cases, 
with  single  individuala  His  influence,  therefore,  is  exerted  in  the  main 
upon  the  mass  of  his  audieuce,  and  it  is  reserved  for  a  late  examiuatiou 
to  reveal  to  him  how  superficially  it  has  touched  single  members  of  his 
class.  It  is  a  pleasure  to  be  able  to  state  tbat  the  number  of  students 
who  follow  the  lectures  with  delight  and  success,  even  distinguished 
success,  is  by  no  means  small.  But  it  were  wrong  to  conceal  the  fact 
that  too  often  the  complaint  escapes  from  tbe  t«acber  tbat  his  efforte 
have  been  vain.    Some,  indeed,  go  a  step  further,  and  maintain  tbtt 
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it  is  noticeoble  tbttt  frotu  year  to  year  tbe  culture  of  studeuta  becomes 
leas  autl  lean  wide. 

Tbis  is  e«i>ecially  true  in  departments,  as,  foriusr-aucejjuriaprudenve 
and  medicine,  whicb,  besides  being  wholly  different  from  the  studies 
porsued  before  entrance,  are  distinguished  by  au  overwhelming  failnesa 
of  new  ideas.  Precisely  in  these  branches  the  attitude  of  tbe  student 
during  the  flrst  few  terms  decides  his  development,  indeed  his  whole 
future.  In  sach  studies  each  lecture  grows  logically  out  of  the  last, 
and  tbe  superstructure  will  be  a  labyrinth  to  him  who  is  not  acquainted 
with  every  cranny  of  the  substructure.  The  result  is  an  imperfect 
piece  of  work  built  up  on  an  insecure  foundation,  and  the  later  influents 
of  the  teacher  avails  naught  to  fill  up  tbe  gaps. 

Doubtless  the  difficulty  of  the  subjects  taught  contributes  greatly  to 
the  abatement  of  zeal  in  the  beginner.  Yet  it  la  precisely  the  beginner 
upon  whose  enthusiasm  everything  depends.  la  it  i>oaaible  that  the 
university  teacher  is  to  be  held  responsible  for  the  diminution  of  ardor 
so  often  occurring  in  the  early  terma  t  Moat  rigid  investigation  will  not 
substantiate  the  reproach,  and,  so  far  as  I  know,  it  has  not  been  made, 
certainly  not  with  any  degree  of  frequency.  I  should  say  that,  on  the 
contrary,  all  reflection  u|>on  the  matter  leads  to  the  subject  of  prepara- 
tory work. 

This  question  at  present  engagea  the  attention  of  many  minds.  Cul- 
tured men,  and  no  less  the  state,  are  occupied  with  the  problem  of  the 
changes  necessary  in  tbe  instruction  diapenaed  by  the  higher  achools, 
in  order  to  secure  preparation  for  tbe  university  of  the  sort  conducive 
to  the  best  interests  of  its  work.  My  address  would  have  to  transgress 
its  limits  by  far,  were  1  to  attempt  the  discussion  of  this  important 
problem  in  all  its  phaaea.  The  disputants  differ  on  the  cnrricninm,  on 
the  amount  of  time  to  be  assigned  to  each  stmly,  on  the  methods  of 
teac>>ing,  arriving  finally  at  the  overburdening  of  pupils,  mayhap  abio 
of  teachers.  The  experience  of  the  university  teacher  is  wide  enough 
to  admit  of  his  formulating  au  opinion  on  the  mi\jority  of  these  ques- 
tions; for  to  day's  consideration,  however,  a  few  of  the  less  hackneyed 
ones  will  suffice. 

The  university  teacher  must  first  of  all  make  two  closely  connected 
demands  upon  the  preparatory  achools.  He  must  require  that  the 
matriculates  bring  to  the  university  delight  in  study  and  ability  to  do 
independent  work.  As  compare<l  with  these  demands,  the  evidence  of 
positive  attainments  sinks  into  the  background.  In  the  latter  respect, 
each  faculty  sets  up  a  different  standard;  but  with  regard  to  the  former 
there  is  probably  no  appreciable  variation. 

As  for  delight  in  learning,  it  is  inborn  in  every  normally  gifted  child. 
Daily  we  may  observe  the  child's  pleasuFe  at  becoming  acquainted  with 
some  new  object,  or  at  learning  to  use  its  organs  in  a  new  way.  Its 
eagerness  grows  with  every  stop  in  advance.  It  is  an  innate  quality, 
and  the  use  made  thereof  dei>ends  primarily  upon  the  constitotion  of 
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the  organs.  Various  differeDces  in  tbetr  actiona  crop  ont  early,  con- 
ditioned, as  they  are,  by  natural  endowment  and  inherited  iiecaliarities. 

Is  it  presnmable  tliat  this  quality  is  peculiar  to  childreof  Sorely 
not.  It  is  distinctive  of  man  in  hoary  age  an  well,  so  long  ashia  organs 
are  not  in  an  abnoriual  condition,  or  external  circnmstances  have  uot 
caused  a  disturbance  or  interruption.  Kecall  the  joy  of  the  scholar^ 
bowed  down  atider  the  weight  of  years,  when  a  new  ontlook  npon  the 
domain  of  science  is  vouchsafed  him.  How  his  delight  in  study  is 
stimulated  when  be  succeeds  in  grasping  a  new  series  of  phenomena., 
be  it  of  nature  or  of  the  human  mind,  hitherto  unintelligible  or  inac- 
cessible I  How,  then,  were  it  possible  to  explain  the  absence  of  this 
common  human  quahtyin  young  men  of  culture  atwut  to  join  the  ranks 
of  academic  citizenship!  They  certainly  possess  it,  but  not  in&equentJy 
it  has  been  stunted  by  injudicious  treatment.  Hence  it  is  necessary 
not  to  create,  but  to  reanimate  it. 

Under  careful  training,  delight  in  learning  soou  develops  into  desire 
for  knowledge,  which  refuses  to  stop  at  mere  acquaintance  with  a  foot, 
and  urges  the  student  to  seek  its  explanation.  It  casts  about  for  the 
counectioD  between  phenomena  and  occurreuces,  for  their  causes  and 
history,  and  rests  satisfied  only  when  it  has  discovered  their  genetic 
and  causal  relations.  This  is  thecharact«ristiosignof  a  genuine  desire 
for  knowledge,  and  it  involves  the  beginning  of  research.  PronenesB 
to  investigation  is  also  manifested  by  children.  They  are  in  the  habit 
of  taking  to  pieces  objects  that  fall  under  their  observation,  and  they 
imitate  movements  to  find  ont  what  must  be  done  to  produce  them. 
Education,  then,  finds  all  its  elements  ready  at  hand  in  child  nature; 
it  is  merely  necessary  to  bring  them  into  play,  and  cultivate  them  along 
the  right  lines  by  concentrating  the  mind  upon  facts,  keeping  the 
interest  actively  engaged,  confining  work  to  the  main  point,  and 
diverting  the  attention  Irom  objects  of  subordinate  importance. 

We  are  justified  now  iu  propounding  the  (luestlon:  Is  this  done  in 
our  schoolsf  In  our  very  primary  classes  the  child's  delight  in  study 
is  so  materially  curtailed  that  a  considerable  proportion  of  our  people 
develops  not  legitimate  curiosity,  but  its  perverted  form,  inquisitive- 
ness,  i.  e.,  the  inclination  to  rest  satisfied  with  an  external,  therefore 
an  incomplete,  understanding  of  a  subject,  and  to  pass  quickly  from  one 
snbject  to  another.  Thus  a  natural  quality  beneficent  iu  its  character 
is  distorted  and  forced  into  forms  of  expression  which,  not  rarely 
harmful,  at  best  are  useless. 

If  the  legitimate  desire  for  knowledge  is  to  be  aroused  in  the  child 
mind,  that  is,  if  it  is  to  be  trained  up  to  a  consideration  of  genetic  and 
causal  relations,  its  attention  must  be  fixed  upon  historic  facts.  Even 
religious  instrucdon,  of  all  branches  the  one  which  depends  npon 
almost  verbal  transmission  of  doctrines,  does  not  confine  itself  to 
dogmatic  precept,  but  uses  sacred  history  as  a  means  of  illustration. 
Nothing,  however,  is  so  well  adapted  for  that  sort  of  instniiAioQ  as 
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natural  history  so-called,  which  deaU  with  tangible  objects  that  furnish 
patent  iUostrationa  of  genetic  processes.  Our  public  schools  are  mak- 
ing daily  progress  in  the  application  of  object  lessons,  aud  the  only 
desideratum  now  ia  that  itlostratioiis  by  pictures  may  gradually  be 
superseded  by  explanations  from  the  object  itself. 

In  the  higher  schools  linguistic  studies  have  always  absorbed  the 
lion's  share  of  time  and  attention.  The  gymnasium  being  the  direct 
descendant  of  the  Latin  scliool  of  the  Middle  Ages,  a  predilection  for 
Latin  has  come  down  to  it  as  an  inalienable  heritage.  Greek,  for  whose 
intatKluctioQ  we  are  indebted  to  the  humanists,  took  rank  with  it  only 
later.  We  recognize  with  gratitude  that  this  circumstance  was  accom- 
panied by  the  beneficent  result  of  supplying  civilized  Europe  with  a 
common  basis  of  culture  for  those  nations  participating  in  it — those 
called  the  Western  peoples  in  Russia.  This  common  basis  has  con- 
tributed more  than  any  other  factor  to  the  promotion  of  mutual  ander- 
standing  and  tbe  strengthening  of  the  sense  of  relationship.  For  a 
long  time  the  universal  use  of  Latin  by  scholars  facilitated  intorconrae 
among  all  classes  of  people  in  different  countries. 

All  that  has  clianged — changed  entirely — and  even  those  who,  fully 
recognizing  the  salntary  infinence  of  the  classical  Knguages  uiwn 
European  culture,  desire  to  see  it  perpetuated,  must  confess  that  it  is 
impossible  to  restore  the  old  conditions.  The  national  idioms  have  been 
invested  with  their  natural  righto,  and  much  as  we  may  deplore  tbe 
polylingual  character  of  scientific  literature,  which  prevents  our  read- 
ing a  number  of  excellent  disquisitions  in  the  original,  yet  we  must 
acknowledge  that  no  power  on  earth  is  able  to  effect  a  change  in  tbe 
near  fatore.  Onr  educational  iustitntions  only  in  exceptional  cases 
graduate  men  who  can  speak  Latin  or  writo  a  Latin  paper  with  ease, 
and  tbe  universities,  despite  their  reluctance,  have  been  forced  to 
diminish  the  time  given  to  instruction  in  the  Latin  language  and  grad- 
ually to  eliminate  it  &om  their  business  transactions. 

Prom  the  first,  the  prominence  of  Latin  was  a  weak  point  in  the 
humanistic  schools.  To  be  sure,  it  was  not  a  matter  of  choice  with 
them;  in  their  time  Latin  was  the  universal  language  of  the  church 
and  of  law,  aud  tbey  themselves  were  Latin  schools.  Tbey  merely 
continued  what  had  become  a  general  custom  through  the  practice  of 
a  thousand  years.  But  their  obedience  to  tbe  custom  was  an  element 
of  weakness  in  tbeir  constitution,  for  tbe  productions  of  the  classical 
writers  of  Rome  ranked  tar  below  those  of  Greece.  The  best  of  them, 
indeed,  owed  their  cultnre  to  Greek  predecessors,  and  the  school  of 
Athens  through  all  times  maintained  ita  preeminent  place  in  the  esteem 
of  men.  Its  teaching  formed  the  background  of  all  scholarly  work, 
and  our  occidental  cultnre  has  derived  from  Greek  literature  its  most 
stimulating  ideas  and  its  most  familiar  forms.  Homer,  Herodotus, 
Aristotle,  and  Plato  continue  to  the  present  day  to  be  the  masters  of 
the  nations. 
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The  confiict  ia  stUI  nDde4:ided.  When  Greek  aothors  began  to  be 
read  in  the  origiaal,  iutereet  vanished  in  the  works  of  Latin  writers 
as  lil«rature.  Nerertheleas  the  Latin  language  maintained  the  chief 
plac-e  in  the  curncnlom  of  the  schools.  Bnt  its  study  became  less  and 
less  exhaustive;  as  the  use  of  the  langat^e  decreased  from  day  to 
day.  rhetoric  was  dispensed  with,  aud  attention  confined  to  grammar. 
Indeed,  the  instmctiuo  in  grammar  usurped  so  macb  time  that  even 
Latin  composition  became  a  pium  desideriom. 

It  is  plain,  then,  that  we  have  arrived  at  a  turning  point  with  regard 
to  the  classical  languages.  Discipline  in  grammar  is  not  the  instrament 
of  progress  needed  by  oar  youth.  It  does  not  lodace  that  delight  in 
stndy  which  is  a  conditioa  of  independent  development;  on  the  cou- 
trarj',  it  is  obvious  that  for  many  pupils,  perhaps  still  more  for  many 
parents,  it  has  become  a  hateful  pursuit.  Greek  has  been  more  than 
half  abandoned ;  no  teacher  iu  the  preparatory  schools  dreams  of  giving 
the  general  rtin  of  pupils  such  instmctioD  as  to  fit  them  on  graduation 
to  read  and  coa^strue  Greek  authors  in  the  original.  Apparently  the 
medical  faculty  has  most  reason  to  lament  the  displacement  of  Greek, 
seeing  that  its  science  is  the  only  one  which,  for  more  than  two  thou- 
sand years,  has  built  itself  op  without  a  break  cm  the  basis  of  Greek 
works.  Bnt  it  can  not  be  denied  that  Hippocrates  and  Galen  have  t«o 
fiew  point.t  in  common  with  modem  medicine  that,  althongb  the  latter 
reverently  clings  to  Greek  terminology,  the  study  of  those  auth<vB  is 
of  inappreciable  importance  in  the  jndgment  of  diseased  states.  The 
essential  value  of  Greek  literature  accordingly  lies  not  in  its  technical, 
bnt  in  its  philosophic  aud  poetic  portions,  whose  edacational  inflnenc« 
we  are  inclined  to  nnderrate  at  present. 

In  the  domain  of  philology,  however,  a  significant  innovation  has 
grown  ni>.  which  wc  may  pntudly  claim  as  the  achievement  of  German 
scholarship,  namely,  cowpamtive  philology.  Through  it  the  proper 
plai-e  has  first  b«^u  assigned  to  the  genetic  element  in  philology.  Even 
now  it  has  furnished  results  of  inestimable  value  in  the  history  of 
civilization.  Constant  additions  to  this  fhnd  of  discoveries  lead  ns 
to  expect  that  comparative  linguistics  will  remain  an  integral  part  of 
higher  education.  Its  details,  natorally,  will  be  rendered  aceeesiUe 
only  by  means  of  university  instruction.  In  deciding  the  course  of 
the  hi):her  pre)uratory  schools  we  are  concerned  only  with  the  two 
classical  and  the  modem  languages.  All  that  the  nni varsity  teacher 
must  insist  u^ton  is  that,  no  matter  what  langoages  may  be  prescribed, 
they  be  taught  in  a  manner  to  train  the  pupil  for  original  research  aod 
to  preserve  his  delight  in  study.  It  remains  to  be  seen  whether  new 
methnls  of  teaching  will  eSect  these  resnlts. 

At  prcsient  we  are  prejiared  to  cite  subjects  of  instruction  in  which 
the  metlutds  of  teaching  are  so  well  planned  that  they  amply  furnish 
the  needetl  discipline.  They  are  mathematics,  philosophy,  and  the 
natural  sciences.    On  the  one  band,  they  ace  so  abundant  and  diversified 

n,g:,.ndtyG00C^lc 


STUDY  AND  RE8EiRCH.  661 

in  contents  that  tbe  desire  for  knowledge  is  constantly  stimalated,  and, 
on  tbe  otber  hand,  by  their  essential  nature  they  offer  vide  opportunity 
for  original  investigation.  These  advantages  explain  why  their  study 
schools  the  mind  of  tbe  yonng  so  thoroughly  that  it  easily  familiarizes 
itself  with  tbe  work  of  any  of  tbe  faculties. 

Instruction  in  at  least  tbe  elements  of  these  branches  has  long  been 
part  of  tbe  regular  course  at  our  higher  institntions.  Only  tbe  amount 
of  knowledge  to  be  consideretl  the  standard  has  varied  from  time  to 
time.  The  opinions  of  teachers  and  of  tbe  state  ofBcials  antborized  to 
make  decisions  changed  frequently,  and  in  tbe  end  the  overwhelm- 
ingly philological  character  of  their  edncation  always  militated  against 
a  more  extended  engagement  in  those  studies.  Only  the  necessity  of 
meeting  the  exigencies  of  swiftly  progressing  technics  and  of  the  indus- 
trial arte  keeping  pace  therewith  extorted  concessions,  and  as  it  was 
believed  that  they  could  not  be  carried  out  at  tlie  humanistic  instita- 
tions  a  division  of  labor  was  finally  resolved  npon,  and  produced  the 
B«al-Scbnle  and  Beal-Oymnasium,  and,  as  a  further  result,  tbe  higher 
technics  schools. 

Tbe  expedient  has  not  proved  successftal  in  establishing  permanent 
peace.  We  are  in  the  beat  of  the  conflict  about  the  prerogatives  of  the 
different  kinds  of  higher  schools,  particularly  the  admission  of  tbe  grad- 
uates of  the  Beal-Scbule  first  to  university  courses  and  then  to  state 
offices.  Again  and  again  the  cry  resounds  for  a  homogeneous  school 
system,  and  especially  for  the  radical  reform  of  gymnasium  methods. 
Probably  not  all  these  pretensions  are  equally  just. 

As  a  rule  tbe  nniversities  have  refused  to  support  the  demand  of  the 
Beal-Scbule  to  admit  its  graduates  as  such.  They  are  apt  to  be  partial 
to  tbe  Gymnasium.  As  intimated  above,  the  interests  of  tbe  different 
faculties  with  regard  to  the  character  of  preparatory  education  are  not 
identical.  Tbe  faculties  tb;it  depend  upon  philological  aids  in  the  fur- 
therance of  their  peculiar  educational  mission  will  not  be  satisfied  with 
preparatory  work  that  aBsigns  a  more  or  less  subordinate  place  to  the 
classical  languages;  while  those  in  whose  departments  knowledge  of 
the  ancieut  languages  is  not  the  indispensable  condition  for  the  under- 
standing of  their  specialties  must  consider  to  what  extent  a  full  course 
in  mathematics  and  the  natural  sciences  offers  adequate  compensation 
for  deflcieucies  in  tbe  classical  edncation.  Experience  has  not  yet 
helped  us  to  come  to  a  decision  on  this  point.  This  circumstance  may, 
however,  be  adduced:  Among  the  foreigners  admitted  to  our  various 
departments  not  a  few  have  attended  the  lectures  zealouHly  and  with 
praiseworthy  results,  in  spite  of  not  having  enjoyed  Gymnasium  training 
in  our  sense  of  the  term. 

Tlie  practical  requirements  of  the  different  faculties  witli  regard  to 
the  preparatory  work  of  the  matriculates  differ  undeniably.  It  remains 
for  the  future  to  show  whether  a  single  sort  of  higher  e<lucatioiial  insti- 
tution can  fulfill  all.     One  assertion  can  even  now  be  definitely  made. 
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If  the  classical  langaages  are  no  longer  able  to  ftamisli  tlie  bond  that 
unites  all  the  provinces  of  calture,  a  substitute  can  be  found  only  in  the 
lustrous  triad" -mathematics,  philosophy,  and  the  sciences — upon  whose 
development  occidental  culture  in  all  its  ramifioatioDS  depends. 

For  our  present  purpose  it  is  of  secondary  importance  to  determine 
that  this  culture  baa  its  roots  in  the  Orient — in  Egypt  or  Babylonia.  So 
far  as  we  are  concerned  occidental  culture  began  on  the  western  shore 
of  Asia  Minor,  among  the  Ionian  Greeks,  the  first  to  base  their  specu- 
lations about  the  universe  on  the  mathematical  computation  of  celestial 
phenomena,  and  the  first  to  create  a  natural  philosophy  which  summed 
up  in  a  harmonious  review  all  knowledge  and  conceptions  of  nature 
and  her  forces.  In  this  philosophy  is  contained  the  beginning  of  those 
general  speculations  upon  the  world  characteristically  called  "world- 
wisdom"  ( Weltweisheit)  by  the  Germans,  which  have  gradnally  led  to  a 
complete  transformation  of  the  old  ideas  of  heaven  and  earth  and  man 
himself;  an  achievement  that  forms  the  imperishable  glory  of  Greek 
philosophy. 

The  occidental  nations,  it  must  be  admitted,  were  very  late  in  attain- 
ing to  an  understanding  thereof.  After  the  fall  of  OonstantiDople, 
when  the  Greek  scholars  fied  to  Italy  and  knowledge  of  Greek  litera- 
ture spread  rapidly,  and  when  in  Germany  the  humanists  arose  and 
one  university  after  another  was  founded,  only  then  the  independent 
spirit  of  research  awakened  in  all  the  nations.  Mathematicians  and 
scientific  men  of  marked  originality  appeared,  and  soon  philosophers 
were  at  woik  accommodating  the  conceptions  about  man  to  the  new 
views  and  sounding  the  very  depths  of  intellectual  life. 

A  little  after  the  beginning  of  this  momentous  period  he  arose  whose 
gigantic  achievement  civilized  men  are  at  present  celebrating.  Day 
before  yesterday  it  was  four  hundred  years  since  Christopher  Columbus 
first  gained  sight  of  a  strip  of  land  belonging  to  that  New  World  where 
thousands  are  now  esulting  iu  his  mepiory.  For  him  was  reserved  the 
enviable  fortune  to  demonstrate  at  a  stroke,  by  means  of  a  hazardous 
experiment,  the  sphericity  of  the  earth,  and  at  the  same  time  to  open 
up  the  vastest  playground  ever  granted  to  human  enterprise.  Let  us 
offerdue  homage  to  his  genius  and  energy  on  this  spot,  too.  Let  us  not 
forget  that,  despite  his  errors,  which  at  the  present  moment  we  are 
inclined  to  emphasize  too  strenuously  perhaps,  be  is  the  creator  of  a 
new  time,  the  time  of  new  thoughts  and  new  actions! 

After  him  there  was  activity  everywhere  in  the  world  of  the  intellect. 
Kext  to  great  mathematicians  and  astronomers  arose  physicists  of  the 
first  rank;  the  reform  movement  developed  in  the  chnrch,  and  the 
corner  stone  of  the  modem  structure  of  medicine  was  laid.  Even  now 
we  are  in  the  midst  of  the  upheaval,  but  victory  is  everywhere  on  the 
side  of  the  new.  Our  age  has  already  earned  the  title  of  the  age  of 
the  natural  sciences.    No  branch  of  intellectnal  endeavor  has  been 

ble  to  escape  the  modern  iudueuce.    The  Roman  Church  itself,  the 
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energetic  aiitagooist  of  the  movement,  bas  bad  to  jield,aml  a  qualified 
representative  of  the  Evangelical  Chiirch,  our  esteemed  colleagae,  Dill- 
mui,  a  few  years  ago  made  nse  of  the  following  siguiflcant  words  in  liis 
rectorate  address:  "A  cbarch  wbicb  ia  nnable  to  stand  tbe  light  of 
science,  or  is  compelled  to  mitigate  its  brilliance  by  all  sorts  of  colored 
glasses,  should  be  laid  with  tbe  dead."  Tmly  the  modem  conception 
of  life  is  based  wholly  apon  tbe  natural  sciences,  and  do  one  can 
Berionsly  dispute  tbe  fact. 

In  view  thereof  tbe  question  is  permissible  whether  tbe  young 
chfu-ges  of  oar  higher  schools  ought  not  to  be  initiated  into  this  new 
knowledge  to  a  greater  degree  than  hitherto.  We  willingly  concede 
that  disputed  points,  apon  which  the  authorities  themselves  are  not 
agreed,  shall  be  exclnded  from  tbe  instruction  in  the  schools,  and  shall 
be  reserved  for  the  special  training  at  tbe  university.  On  the  other 
hand,  it  is  just  to  demand  that  a  young  man  supposed  to  be  sufficiently 
self  dependent  to  make  proper  use  of  academic  liberty  of  study  should 
b«  able  to  take  in  the  chief  results  of  astronomic  and  biologic  science 
without  danger  to  bimselfl  Can  be  be  considered  mature  if  his  whole 
world  in  a  sense  is  closed  to  himf  And  how  can  tbe  iustructioD  at  the 
university  be  expected  to  take  effect  when  tbe  young  man  is  left 
without  the  instruments  needed  for  his  difficult  worki 

He  needs  mathematics,  not  for  its  own  sake  nor  to  be  able  to  under- 
stand the  movements  of  the  heavenly  bodies.  Physics  has  gradually 
tamed  into  a  mathematical  science,  and  even  chemistry  and  physiology 
find  themselves  forced  daily  with  more  urgency  to  make  deliciite  calcu- 
lations. They  enable  the  investigator  to  penetrate  to  the  comprehen- 
sion of  the  most  recondite  processes,  and  to  learn  not  only  to  ju4lge  of 
the  strength  of  living  forces,  but  to  calculate  them  accurately,  and  so 
regulate  their  practical  appUcation, 

But  mathematics  alone  is  inadequate.  Tliinking  is  a  necessary  fac- 
tor in  understanding.  Many  have  an  idea  that  it  is  supererogation  to 
make  thinking  an  object  of  study;  that  systematic  thinking  ia  not 
indispensable  to  success.  Unfortunately  even  logic  bas  fallen  almost 
into  oblivion  among  students.  At  many  schools  the  opinion  prevails 
that  it  ia  sufficient  occasionally  to  quote  a  proposition  of  logic.  How 
is  it  possible  for  one  who  does  not  know  the  laws  of  thought  to  study 
psychology  t  How  can  the  complex  relations  between  spiritual  acts  and 
the  physical  conatitution  be  made  clear  to  him!  The  young  medical 
student  enjoys  au  advantage  in  this  regard ;  but  what  can  be  expected 
of  the  jurist",  the  tlieolo^an,  the  pedagoguet  At  least  the  school  can 
inculcate  respect  for  philosophy;  even  that  were  a  great  attainment. 
The  impulse  to  learn  to  think  philosophically  would  soon  assert  itself. 

Finally  the  natural  sciences.  What  admirable  topics  for  study  and 
for  instruction  are  offered  by  the  descriptive  sciences— botany,  zoology, 
and  mineralogy !  It  is  a  misconception  to  assume  that  the  university 
teacher  lays  chief  stress  upon  systematic  information.    By  no  means; 
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the  faclB  of  a  science  can  be  tanght  aa  well  at  the  aniversity.  No  pnpjl 
is  harmed  by  ability  to  name  and  distingnisli  a  number  of  plants,  ani- 
mals, or  minerals.  But  the  real  discipline  to  be  derived  from  the  sci- 
ences ought  to  consist  in  the  education  of  the  senses,  more  particularly 
of  sight  and  touch.  At  present  we  complain  that  many  in  our  classes 
have  no  preci&e  knowledge  of  colors;  that  they  malte  false  statements 
about  the  form  of  objects  in  full  view;  that  they  show  no  appreciation 
of  the  coDsiateucy  and  the  surface  characteristics  of  bodies.  Nothing 
would  be  easier  than  to  give  an  accurate  description  of  color  and  form, 
if  teachers  required  their  pupils  to  make  a  drawing,  a  mere  sketefa,  iu 
peiicil  or  in  colors,  of  the  objects  they  have  observed.  Such  knowledge 
is  useful  to  everybody;  to  the  medical  man  it  is  invaluable,  as  not  inlre- 
quently  most  important  diagnoses  depend  upon  his  skill  in  this  directioo. 

The  experimental  sciences,  too,  especially  physics  and  chemistry,  are 
essential  in  a  complete  course  of  study;  inore  than  anything  else  they 
reveal  the  genetic  and  causal  relations  of  processes,  and  prepare  the 
student  for  the  methodical  consideration  of  even  the  more  difficult 
problems  of  biology.  As  a  matter  of  course  only  the  simpler  and  mote 
comprehensible  experiments  can  be  considered  in  connectioD  with  a  gen- 
eral course  preparatory  for  academic  study.  But  every  graduate  of  the 
higher  schools  should  at  least  have  an  inkling  of  this  method  in  order 
to  be  able  to  form  an  opinion. 

The  enumeration  of  the  elements  that  go  to  make  up  acceptable  prep- 
aration for  university  work  has  been  rather  lengthy,  not  becaase  of  the 
multiphcity  of  subjects  to  be  passed  iu  review,  but  because  in  the  pres- 
ent state  of  the  question  as  to  the  relation  of  the  university  to  the 
preparatory  schools  the  chief  consideration  is  the  amount  of  prepara- 
tion necessary  to  make  university  iuatructiou  profitable.  To  avoid  mis- 
conception it  should  be  added  that  many  of  the  branches  mentioned 
may  seem  superfiuous  to  the  student  who  means  to  confine  himself  to 
his  specialty.  But  if  the  state  intended  to  provide  only  for  specialists,  it 
could  dispense  with  universities;  it  could  establish  separate  ^coles,  as 
iu  France,  or  separate  colleges,  as  in  England,  or  separate  ccenobiums, 
as  in  the  Boman  Church.  If  we  cling  to  the  idea  of  nniversitas,  if  we 
take  pride  iu  being  more  than  an  agglomeration  of  specialty  schools, 
then  we  must  look  to  it  that  there  shall  be  real  collaboration  among  the 
faculties;  that  general  scientific  culture  shall  accompany  devotion  to  a 
specialty.  If,  however,  we  find  to  our  great  regret  that  we  fall  for 
short  of  this  ideal,  which  we  can  and  should  attain,  then  the  blame 
must  be  cast  upon  the  inadequacy  of  preparatory  work  which  I  have 
sought  to  describe  and  which  I  expect  to  see  remedied  by  means  of  an 
accurate  presentation  of  the  facts. 

So  long  as  the  remedy  is  not  discovered,  nothing  remains  but  for  the 
university  to  provide  instruction  in  certain  elementary  or  at  least  pre- 
liminary subjects,  which,  to  be  sure,  is  a  burden  and  a  degradation, 
'id  yet  rai-ely  suffices  to  fill  up  the  gaps  left  by  the  preparatory  work. 
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Tbe  nniversity  teacher  bas  the  less  time  for  instraction  of  tbat  kind,  as 
the  nniversity  is  not  only  an  institution  for  study,  but  also  an  institu- 
tioD  for  researcb,  tbe  latter  id  a  double  sense.  Oar  nation  is  accnstomed 
to  look  npon  its  university  t«acbera  as  investigators,  and,  on  tbe  other 
band,  science  and  the  state  depend  npon  us  to  train  up  as  investif^a- 
tors  at  least  a  portion  of  the  students.  From  tliis  point  of  view  we  apply 
tbe  term  academic  to  tbe  members  as  well  as  to  tbe  institotions  of  the 
university. 

The  old  name  academy,  in  Plato's  sense,  a  school  aspiring  to  the  high- 
est aims  of  spiritual  endeavor,  since  the  days  of  the  Medici  has  been 
used  todesignate  the  associations  of  distinguished  thinkers  and  original 
workers  banded  together  for  aotrammeled  interchange  of  ideas.  This 
is  tbeoriginof  the  academiesof  sciences.  In  later  times  all  imaginable 
sorts  of  academies  grew  up  beside  tbem ;  but  they  do  not  concern  us 
DOW.  Only  tbe  academy  of  sciences  is  charged  with  tbe  progressive 
investigatioa  of  scientific  problems  as  its  chief  task.  But  in  Germany 
there  are  only  three,  at  the  utmost  four,  such  academies,  and  their 
capacity  is  by  do  means  large  enough  to  insure  progress  in  the  wide 
domain  of  science.  Naturally  a  part  of  their  duty  felt  to  the  share  of 
tbe  onivereities,  and  they  fulfilled  it  honorably,  in  some  cases  with 
distinction.  This  is  the  reason  why  the  nniversity  teacher  needs  more 
time  tfaan  mast  be  devoted  to  mere  instruction. 

Id  the  other  direction,  too,  as  I  said  before,  in  the  education  of  new 
generations  of  original  workers  and  teachers,  a  solemn  obligation  rests 
upon  tbe  aniversities.  It  is  a  paramount  duty,  npon  whose  efficient 
performance  depends  the  steady  recruiting  of  the  ranks  of  tbe  privat- 
docenten,  a  constitnent  element  of  the  faculty,  the  nursery  of  future 
professors,  which  is  indispensable  to  the  prosperity  of  the  university. 
Therefore  we  must  begin  early  to  train  students  as  original  investi- 
gators. Opportunities  are  ample,  since  governments  everywhere  have 
created  institutes  and  seminaries  in  which  not  only  guidance  and 
instraction  are  offered,  but  also  tree  and  iDdependeot  work.  We  have 
special  reason  to  be  grateful  to  our  own  Government  for  its  indefutiga- 
ble  care  in  establishing  and  enlarging  such  institutions.  The  moneys 
expended  on  them  are  well  invested.  They  bear  abundant  f^uit,  and 
we  are  justified  in  the  confidence  that  in  the  future,  too,  funds  will  be 
forthcoming  to  satisfy  the  ever-growing  needs.  We  are  accustomed  to 
have  Prussian  kings  consider  the  founding  of  scientific  establishments, 
even  in  most  perilous  times,  an  their  sacreil  duty  as  rulers,  indeed,  as  a 
means  of  strengthening  the  state.  Our  own  university  grew  up  under 
such  circumstances  and  out  of  such  considerations,  but,  not  having  been 
endowed  witb  a  sufficient  sum  to  be  independent,  it  must  look  to  the 
state  for  constant  help.  May  it  to  day  recommend  itself  anew  to  the 
favor  and  the  provident  care  of  our  Uoverument! 
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By  Lieat.  Col.  H.  Elsdalb. 


An  able  writer,  Mr,  Peataon,  has  recently  observed  Id  hie  work, 
National  Progress  aud  Natiooal  Character,  ttiat  few  or  no  fbrther  lead- 
ing discoveries  or  new  departures  in  physical  or  mechanical  science  are 
to  be  expected;  that  future  generations  have  now  only  to  fill  in  the 
details  and  to  Bopplement  what  has  already  been  done. 

I  can  not  agree  with  him.  We  must  not  thas  set  limits  to  the  invent- 
iveness  of  mankind.  The  well-known  epithet  nipi4ipaS^  avr}p  will 
jDStify  itself  ID  the  futare  as  in  the  past.  Kor  can  we  set  arbitrary 
bounds  to  the  inexhaustible  secrets  of  nature,  and  to  the  importance  of 
tbe  new  arrangements  and  fresh  combinations  which  are  open  to  further 
research  into  them,  An  ever  larger  and  larger  number  of  fertile  brains 
are  continually  at  work  in  discovery  and  invention,  as  is  clearly  shown 
by  the  most  cursory  study  of  the  annual  publications  of  any  of  tbe 
various  State  patent  offices.  And  these  fresh  brains  start  from  an  ever- 
widening  vantage  ground  of  accumulated  research  and  proved  expe- 
rience. The  result  must  surely  be  that  important  inventions  and  new 
discoveries  will  crowd  thicker  upon  the  world  in  the  twentieth  than  in 
the  nineteenth  century.  I  think  that  we  have  now  looming  before  us 
in  the  immediate  future,  darkly  no  doubt,  but  still  very  distinctly, 
leading  discoveries  in  science  which  will  constitute  new  departures 
fuily  as  large  as,  if  not  larger  than,  those  which  have  resulted  from, 
let  us  8ay,the  introduction  of  railways  or  telegraphs  in  the  past.  Their 
number  may  possibly  be  legion.  I  propose  here  to  confine  myself  to  tbe 
consideration  of  four  leading  problems,  some,  if  not  all,  of  which  seem 
practically  certain  of  solution  in  the  next  generation,  if  not  in  oar  own. 
And  their  solution  will  involve  results  of  enormous  and  almost  incal- 
culable importance  to  the  future  of  mankind. 

I. 

The  conquest  of  the  air  is  the  first  of  them.  Aerial  navigation  baa 
been  the  dream  of  enterprising  and  inventive  men  in  all  tbe  ages,  and 
that  dream  is  now  drawing  near  to  its  realization. 

'From  The  Con  temporary  Review,  Murch,  189i;  by  permission  of  tbe  Leonard 
Soott  Poblication  Company,  New  Yurk.  ^--  i 
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Tlie  invention  of  balloons  has  no  donbt  pven  someimpetnsto  the 
study  of  tbe  subject,  and  navigable  balloons  of  increasing  Bi>eed  and 
importance  are  at  this  moment  being  made  on  the  Continent.  Tbns, 
tbe  latest  improved  machine  nov^  under  construction  for  tbe  French 
war  office  is  expected  to  obtain  a  speed  of  40  kilometers,  or  nearly  25 
miles,  an  hour.  The  navigable  balloon,  however,  at  its  best,  will,  on  a 
broad  view,  provide  nothing  more  than  a  convenient  stepping-stone  or 
intermediate  stage,  to  pave  the  way  for  tbe  flying  machine  proper, 
which  will  certainly  follow  and  supersede  it  in  the  future.  Meanwhile, 
unless  some  bold  inventor  should  bring  forward  speedily  a  true  flying 
machine,  we  may  expect  to  see  successive  modifications  in,  or  progres- 
sive forms  of,  navigable  balloons  introducing  the  principle  of  tbe  flying 
mftcbine  proper  gradually  and  tentatively. 

Thus,  whereas  at  present  all  the  weight  is  sustained  by  tlie  balloon, 
in  ftiture  models  tbe  greater  part  of  the  weight  only  will  probably  be 
gas-suBtained,  and  tbe  rest  of  the  lifting  power  and  necessary  changes 
of  elevation  will  be  provided  for  by  the  lifting  action  of  air  screws. 
By  and  by  the  air  screw,  or  air  propulsion  in  some  form,  will  predomi- 
nate. Tbe  balloon  will  be  first  reduced  te  an  auxiliary  appliance,  and 
then  laid  aside  altogether.  The  result,  of  coarse,  of  its  final  rejection 
will  be  an  immense  gain  in  a  greatly  diminished  resistance  and  a  corre- 
sponding increase  in  speed  and  power. 

When  first  it  became  my  duty  to  study  this  subject,  some  thirteen 
or  fourteen  years  ago,  tbe  flying  machine  proper  was  a  demonstrable 
impossibility  in  the  then  condition  of  mechanical  science.  Since  that 
time  tbe  problem  has  been  attacked  and  its  great  acknowledged  diffi 
culties  steadily  minimized  from  three  different  quarters  simultaneonsly. 
The  net  result  has  been  to  reduce  it  to  ^r  more  moderate  and  manage- 
able dimensions;  and  if  a  corresponding  rateof  progress  is  t«  be  main- 
tained for  another  thirteen  or  fourteen  years,  this  great  problem  ii; 
morally  certain  of  solution, 

I  do  not  propose  here  to  consider  the  subject  in  any  detail  or  to  give 
any  figures  or  calculations  upon  it,  but  rather  to  confine  myself  to  such 
observations  on  it«  leading  conditions  as  are  necessary  to  explain  aiid 
support  tbe  above  statement  and  to  indicate  generally  our  present 
position  on  the  whole  question. 

The  problem  of  aerial  navigation  by  flying  machines  binges  prima- 
rily, of  course,  on  the  ratio  of  power  developed  by,  to  weight  involved 
in,  the  moter.  Only  thirteen  years  ago  that  ratio  was  simply  prohibi- 
tory. Any  competent  mechanical  engineer  who  considered  the  matter 
could  have  no  difficulty  in  concluding  that  it  was  then  practically 
impossible  to  make  a  motor  on  any  large  and  safe  working  scale  whi<'li 
would  lift  its  own  weight,  much  less  the  weight  of  a  heavy  passenger 
carrying  machine  and  passengers  as  well.  Since  that  date  a  larjre 
progress  has  been  achieved,  and  motors  can  now  be  made  which,  for 
the  same  weight,  will  give  a  greatly  increased  power.    One  of  the  lat«at 
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new  departares  in  this  liue  is  tbe  motor  which  Mr.  Hiram  Maxim  has 
worked  out  for  his  dyiDg  machine.  I  have  had  the  privilege  of  inspect- 
iog  It,  aiid  can  certify  that,  wiiatever  be  the  merits  or  uitimate  succeas 
of  the  machine  generally,  it  is  a  marvel  of  mechanical  iugenaity,  and 
tbe  motor  especially  develops  an  extraordinary  and  unprecedented 
amount  of  power  for  weight  carried. 

Side  by  side  with  this  great  iucrease  of  power  in  the  motors,  and  of 
eqaal  Importance,  perhaps,  in  its  l>eariDg  on  the  general  question,  we 
must  next  consider  the  great  fall  in  tbe  price  of  aluminiam,  together 
with  tbe  progress  which  has  been  made  in  the  study  of  its  valuable 
alloys,  such  as  the  alloy  with  about  5  per  cent  of  copper. 

Within  my  recollection  the  price  of  aluminiam  has  fallen  from  a  guinea 
to  about  2  shillings  tbe  ounce  weight.  A  very  moderate  further  fall  in 
price — far  less  than  the  above  great  and  recent  fall  of  90  per  cent — and 
a  little  fiirther  corresponding  progress  in  the  study  of  tbe  nature  and 
properties  of  these  alloys,  will  cause  aluminium  alloys  to  drive  steel  out 
of  the  market  for  many  important  engineering  purposes,  such  as  the 
constTDction  of  bridges  of  wide  span.  And  the  new  metals  will  be  of 
cardinal  importance  to  aerial  navigation,  as  they  are  the  material  upon 
which  we  mast  rely  for  the  construction  of  tbe  flying  machines  of  the 
future. 

The  third  direction  in  which  very  important  progress  has  been 
achieved  recently  is  the  theoretical  and  practical  study  of  the  condi- 
tions which  govern  the  resistance  of  the  air  and  determine  tbe  laws  of 
flight  or  locomotion,  as  well  as  of  suspension  therein.  The  resistance  of 
the  air  is  the  one  all-snfficieut  fulcrum  or  basis  on  which  every  Hying 
machine  must  rely.  In  tbe  investigation  of  its  laws  something  has 
been  done  by  the  study  of  the  flight  of  birds  and  the  analysis  of  tbe 
results  of  instantaneous  photographs  of  them,  especially  by  modern 
French  writers.  For  the  laws  which  govern  the  flight  of  birds  must, 
mutatis  mutandis — that  is,  in  principle — apply  to  all  aerial  locomotion. 
Hence,  in  the  last  edition  of  the  Encyclopedia  Britannica  we  see  prog- 
ress on  tbe  subject.  Thus  we  find  therein  an  instructive  table,  showing 
clearly  that,  contrary  to  many  i>eople's  ideas  Bi>on  tbe  subject,  the  sus- 
taining or  wing  area  iu  alt  flying  bodies  in  nature  increases  in  a  much 
less  proportion  than  the  increased  weight  to  be  carried.  For  the  swal- 
low or  the  sparrow  has  a  much  less  proportionate  area  of  wing  than  the 
Uy,  the  gnat,  or  the  beetle;  and  the  vulture  or  wild  swan  a  much  less 
area  than  the  swallow.  This  is  au  impoi'tant  fundamental  ^t  in  aerial 
navigation,  as  showing  thtit  the  flying  machine  of  the  future  can  be 
made  of  very  moderate  dimensions.  But  by  fur  the  most  useful  prog- 
ress in  this  direction  has  been  made  by  Professor  Langley  in  his  excel- 
lent "  Experiments  in  aerodynamics,"  wherein  he  may  fairly  be  said  to 
have  laid  down,  for  tbe  first  time,  a  really  sonnd  and  reliable  scientific 
basis  for  the  study  of  aerial  locomotion  by  a  series  of  careful  esperi- 
menta  and  well-reasoned  deductions  from  them.    We  may  note  with 
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pleasure  that  Professor  Langley  is  reported  to  be  now  engaged  npon  a 
model  aerial  machine  on  a  working  scale.  Whatever  its  altimate  meaa- 
ore  of  saccesa,  liis  new  experiments  with  it  can  not  fail  to  advance  the 
cause  of  aerial  navigation  another  stage. 

I  repeat  that  the  net  result  of  modern  progress  in  these  three  direc- 
tions— the  study  of  the  governing  conditions  of  the  work  to  he  doDe, 
the  increase  in  the  power  of  the  motor  necessary  for  doing  it,  aod  the 
decrease  in  its  amount,  or  in  the  weights  to  be  lifted — has  been  to 
bring  the  problem  of  aerial  locomotion  well  within  the  range  of  prac- 
tical men.  What  is  now  required  is  that  the  field  of  research  and 
experiment  should  no  longer  be  left  to  unpractical  enthusiasts,  as  for 
the  most  part  it  has  been  of  yore.  It  is  high  time  that  really  compe- 
tent and  well-informed  mechanical  engineers  should  follow  the  example 
of  Mr.  Maxim  and  Professor  Langle;  by  turning  their  attention  to  the 
subject.  Once  let  this  be  done,  and  I  am  satisfied  that  the  problem  will 
be  in  a  fair  way  of  solution,  and  can  not  fail  ultimately  of  a  satisfactory 
issue.  Kevertheless,  after  some  considerable  study  of  the  question,  I 
have  a  persuasion  amounting  to  a  conviction  that  whatever  partial  or 
temporary  success  may  attend  all  such  machines  as  Mr.  Maxim's, 
which  depend  upon  locomotion  through  the  air  for  sustaining  power  in 
it,  the  ultimate  solution  of  the  problem  will  be  somethiug  difi'ei'ent. 
That  is,  I  believe  that  a  really  safe,  workable,  and  reliable  dying 
machine  must  be  based  upon  the  principle  of  dissociating  the  stable 
vertical  suspension  in  the  air,  if  required,  from  horizontal  locomotioD 
through  it.  Such  a  machine  must  be  capable  of  rising  vertically  in 
the  air  in  a  dead  calm,  and  remaining  suspended  in  it,  as  apart  firom, 
or  in  addition  to,  any  question  of  horizontal  locomotion  through  the 
air.  Moreover,  it  must  be  so  constructed  that  no  possible  breakdown 
or  failure  in  any  engine  or  in  any  part  of  the  gear  will  endanger  the 
lives  of  the  passengers.  But  these  conditions  will  no  doubt  involve  a 
considerable  further  reduction  in  the  ratio  of  weight  carried  to  power 
developed  in  the  motor,  and  for  this  we  must  be  content  to  await  the 
further  progress  of  science. 

Once  let  this  vital  issue  of  stable  suspension  in  the  air  be  satis&o- 
torily  achieved  in  a  really  sound,  safe,  and  reliable  way,  and  the  conse- 
quences which  will  follow  from  the  new  departure  are  enormous  and 
incalculable.  Locomotion  throagb  the  air,  as  straight  as  an  arrow  £h>m 
a  bow,  and  at  a  hitherto  unheard-of  rate  of  speed,  will  immediately  and 
easily  follow,  and  the  resulting  machine  is  bound  for  light  transport  to 
distance  all  competition  iu  locomotion,  whether  by  land  or  by  sea.  For 
one  of  the  special  and  leading  advantages  attaching  to  aerial,  as  opposed 
to  all  ordinary  locomotion  at  present,  is  that  increased  speed  will  not 
involve  a  great  and  disproportionate  increase  of  power  as  it  does  now. 
It  is  perfectly  well  known  to  every  marine  engineer,  and  to  every  well- 
informed  man  everywhere,  that  an  enormous  increase  of  power  is  nec- 
iBsary  to  gain  a  very  moderate  increase  of  speed  in  ocean  navigation. 
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Thus,  if  a  steamer  with  a  given  horsepower  will  ran  at  say  14  knots  an 
boor,  if  we  double  that  horsejiower  we  may  only  succeed  in  driving  her 
some  16  knots  more  or  less — that  is,  tlie  doubling  of  the  horsepower  will 
only  give  as  one-seveutb  additional  increase  in  speed.  But  in  aerial 
locomotion  the  conditions  are  radically  different,  and  the  gain  is  all  the 
other  way.  Thus,  if  a  flying  machine  with  a  given  horsepower  will  mn 
at  say  50  miles  an  hoar,  with  less  than  double  that  horsepower  it  will 
be  likely  to  ran  lOW  miles,  so  that  the  increased  power  required  for 
doabliog  the  si>eed  is  most  moderate,  instead  of  being  enormous  and 
prohibitory  as  it  would  be  in  water  transport. 

The  aerial  navigation  of  the  future  will  not  only  be  much  swifter  and 
moredirect,  being  in  a  straight  conrse  over  moor,  mountain,  or  bog,  wood, 
ravine,  or  river,  but  it  will  also  be  much  safer  than  oar  ordinary  locomo- 
tion by  railway  and  steamer  at  present.  For  as  the  traffic  on  onr  rail- 
ways and  steamboats  steadily  increases,  tbe  risk  of  accident  on  the 
crowded  lines  and  ocean  thoroughfares,  dne  to  a  set  of  objects  all 
moving  in  one  horizontal  plane,  increases  continually,  as  we  are  already 
finding  out  in  many  a  diaastrons  collision.  But  once  let  this  problem  of 
stabie  suspension  in  the  air  be  satisfactorily  solved,  and  we  shall  cut 
off  at  a  stroke  a  whole  host  of  causes  and  possiblecontiugencies  which 
now  inevitably  involve  continual  risk  of  accident.  For  the  flying 
machine  of  tbe  fntnre  will  travel  directly  and  independently  through 
the  air  fhim  point  to  point.  It  wilt  incur  no  risks  from  drowsy  or  over- 
worked signalmen,  from  inevitable  imperfections  in  or  obstructions  upon 
the  permanent  way,  from  ehancet)  and  eoiitingencies  due  to  the  running 
of  excursion  trainsor  extra  traffic, from  icebergs,  or  floating  hulks,  rocks, 
shoals,  treacherous  currents,  unreliable  compasses,  or  other  hindrances 
to  safe  navigation.  If  it  meet  or  overtake  a  fellow  machine  in  the  air, 
it  has  tbe  whole  wide  ocean  of  air  above  or  below  it  in  which  to  pass  in 
safety,  besides  an  unlimited  field  on  either  band.  An  endless  number 
of  external  sources  of  accident  will  be  eliminated.  Once  let  tbe  flying 
machine  be  stable,  strong,  safe,  and  powerful  enough  for  its  work,  and 
it  will  represent  the  safest  kind  of  locomotion  ever  invented. 

It  will  compete  with  tbe  railways  for  light  traftic,  such  as  the  trans- 
port of  mails,  on  terms  which  must  apparently  confer  an  overwhelming 
advantage.  Thus,  if  we  roughly  set  the  cost  of  the  stations  along  100 
miles  of  our  EngliHh  railways,  and  tbe  cost,  working,  maintenance,  and 
renewal  of  tbe  aerial  machines  against  the  corres])on<Iing  charges  for 
engines,  rolling  stock,  and  working  expenses  on  the  line,  we  have  the 
following  advantages  to  score  to  the  aerial  line: 
ADQDal  interest  at,  say,  t  per  cent  an  the  first  cost  of  100  milea  of  ltD«  at 
£39,000  a  mile,  which  has  l>een  about  the  averai;e  coat  of  cormtructiou  of 

EnRlUh railwayi £195,000 

Annnal  charge  for  maintcnain'e  or  renewal  of  the  permaneDt  way,  at  £231 

pennile .....> 23.100 

ToUl 318.100. 
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This  shows  that  in  aid  of  the  inainteuauce  aud  vorkiug  of  100  milee 
of  aerial  line,  or  as  increased  dividends  to  the  sharebolders,  there  will 
be  an  annual  subsidy  of  more  than  £200,000,  representing  the  saving 
on  the  coat  of  a  correspondiog  length  of  railway.  It  will  be  seen  that 
the  gain  is  so  great  that  it  is  scarcely  credible  that  any  possible  increase 
in  the  working  expenses  of  the  aerial  line,  as  compared  with  the  cor- 
responding charges  on  the  railway,  could  swallow  it  up. 

The  revelation  made  in  locomotion  by  the  flying  machtue,  whereby 
we  shall  be  able  to  run  Irom  London  to  New  York  in  i>erhaps  from 
thirty-six  to  forty-eight  hoars,  and  from  Loudon  to  Paris  and  back 
between  breakfast  and  lancheon,  will  be  at  least  as  great  as  that  caused 
recently  by  the  introduction  of  railways  and  steam  navigation, 

I  can  not  go  into  the  principles  of  coiistraction  of  these  aerial  machines 
further  than  to  say,  as  I  have  already  said  elsewhere  in  a  professional 
publication,  that  they  will  probably  be  of  very  moderate  size,  much 
less  than  the  huge  navigable  balloon  for  military  purposes,  for  wbicb 
they  will  be  most  valuable,  and  will  be  speedily  adopted.  For  oi-diuary 
or  civil  purposes  also  they  will  no  doabt  be  small  at  first,  but  it  is  impos- 
sible to  set  limits  to  their  future  development.  The  web,  or  superiiosed 
webs,  of  aeroplane,  part  steadying,  part  sustaining,  which  will  be  their 
leading  external  feature,  will  be  inclined  during  flight  at  a  very  small 
angle  with  the  horizontal,  probably  not  more  than  I^  to  1^°.  Inside 
tliis,  or  below  it,  there  will  be  a  long  low  car,  presenting  a  minimam 
surface  to  the  air,  in  which  x>asseuger8,  light  baggage,  or  mails  will  be 
carried.  And  the  machines  will  run,  as  above,  at  a  tremendoas  pace, 
probably  up  to,  or  even  exceeding,  100  miles  an  hour. 

Finally,  I  repeat  that  if  anything  like  the  same  late  of  progress  is 
to  be  maintained  during  the  next  ten  or  fifteen  years  as  has  actually 
been  made  during  the  last  ten  or  fifteen  years,  the  problem  of  aerial 
navigation  by  flying  machines,  which  ten  years  ago  was  demonstrably 
insuperable  in  the  then  condition  of  mechanics,  and  which  at  present 
is  very  difficult,  if  not  altogether  impossible,  will  soon  be  comparatively 
easy,  and  will  be  morally  certain  of  solution. 

II. 

A  wise  man  of  old,  in  naming  three  things  which  puzzled  htm, 
associated  together  "the  way  of  a  fish  in  the  sea"  au4  "the  way  of  a 
fowl  in  the  air."  It  is  here  proposed  to  follow  his  example,  and,  having 
disposed  of  the  way  of  the  fowl  in  the  air  in  discussing  the  question  of 
aerial  navigation,  to  consider  next  whether  any  important  new  depar- 
tures are  not  possible  and  even  probable  in  marine  locomotion.  I  believe 
they  are  quite  possible  and  probable,  whether  in  the  immediate  or  in 
the  more  remote  future.  Any  revolution  which  may  be  effected  in  this 
direction  will  not  be  as  startling  and  wonder-provoking  as  the  con- 
quest of  the  air.  Nevertheless,  such  a  future  conquest  of  the  water, 
as  we  may  perhaps  call  it,  may  prove  ultimately  to  be  of  very  great 
importance.  i,CoOqIc 
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I  believe,  then,  that  s  practical  revolutiou  iu  marine  oavigatioa  is 
possible,  if  we  only  will  net  ourselves,  witb  tlie  wise  man  of  old,  to 
Btady  the  way  of  tlie  flsb  in  the  B«a.  With  all  iwssible  respect  to  the 
nomeroua  professors  aod  students  aud  iriDumerable  practical  men 
engaged  in  marine  engineering  and  marine  locomotion  generally,  I 
would  venture  to  challeuge  them  to  consider  carefully  whether  they 
are  uot  all,  in  the  main,  ou  the  wi-oug  tack.  They  are  one  and  all,  so 
far  as  appears  by  a  study  of  all  the  publicatioos,  as  the  Engineer, 
Eugineeritig,  the  Scientific  Americnu,  etc.,  setting  themselves  steadily 
to  gain  increAsed  speed  by  a  continual  development  of  the  locomotive 
power.  Successive  improvements  in  enginest,  boilers,  screws,  economy 
of  fuel,  and  so  on,  are  all  very  desirable  iu  their  way  no  doubt.  But 
these  thiugsseem  to  me  unduly  to  monopolize  attention  to  the  exclusion 
of  (be  one  vital  problem  which  appears  to  contain  the  key  to  the 
whole  question — namely,  the  diminishing  of  fluid  resistance.  At 
present,  as  we  increase  the  propulsive  iMiwer  continually,  we  are  con- 
tinually piling  up  extra  resistance  to  meet  and  swallow  it  up.  I  repeat, 
that  any  great  further  progress  in  ocean  navigation  is  U>  be  sought 
and  obtained  by  a  careful  and  scientific  study  of  the  way  of  the  fish 
Id  the  sea. 

The  subject  of  fluid  resistance,  as  the  leading  and  governing  factor 
in  all  water  propulsion,  may  probably  bo  novel  to  most  readers,  since, 
if  the  question  has  ever  been  publicly  discussed  at  all,  it  bas  been  in 
naval  or  other  special  publications.  It  seems  neces-sary,  therefore,  to 
rehearse  the  matter  briefly  from  the  beginning. 

Years  Otgo  I  was  informed  by  Jtr.  Brennan,  the  inventor  of  the  well- 
known  torpedo,  that  he  applied  no  less  than  100  horse|tower  to  drive 
bis  torpedo  at  its  then  speed,  say  probably  at  about  24  knots  an  hour, 
or  26  at  the  outside.  Now  this  torpedo  is  well  designed  to  the  eye  and 
was  adapted,  to  the  best  of  the  judgment  of  a  clever  inventor,  for  fluid 
propulsion.  It  is,  or  then  was,  no  larger  than  a  good  si /.ed  i>orpoi8e,  or, 
say,  a  very  moderatc-si/ed  shark.  Itnt  anyone  who  on  an  ocean  voyage 
bas  watched  a  school  of  imrpoises  playing  round  au  Atlantic  liner  will 
agree  with  me  that  they  experience  no  difficulty  whatever  iu  swimming 
at  such  a  pace  as  this  and  in  keeping  it  up  apparently  for  nu  indefinite 
leugth  of  time. 

If  now  we  turn  ti»  any  priifessor  of  physiology  and  ask  him  what 
power  a  jwrpoise,  or  a  small  shark  of  about  the  same  size  as  the  torpedo, 
can  reasonably  be  expected  to  develop  and  maintitin,  be  will  probably 
tell  ua  1  horsepower,  or,  if  bo  were  di8iM>sed  to  be  liberal,  be  might  per- 
haps say  2.  Anyway,  whatever  be  the  exact  exi>enditure  of  force  in 
the  propulsion  of  the  porpoise,  for  which  I  have  no  data  and  do  not 
stop  to  argue,  it  is  clear  tlmt  if  it  were  to  develop  anything  in  the 
remotest  degree  approaching  to  the  power  required  to  drive  the  torpedo 
at  the  same  speed  it  would  quickly  be  reduced  to  impotence.  It  would 
rapidly  burn  np  aud  consume  the  tissues  of  its  body  iu  such  an  immense 
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productioD  of  energy,  aud  in  a  few  minutes  wo  should  see  it  floating  on 
tbe  water  ao  iuertand  lifeless  mass,  instead  of  sporting  about  as  lively 
as  ever,  as  we  actually  do  see  it.  Now,  whence  comes  this  enormons 
difference  in  the  power  reqnired  to  propel  tbe  porpoise  and  the  torpedo 
at  the  same  speed!  Tbe  answer  to  tbis  qaestion  contains,  as  I  sub- 
mit, the  true  and  proper  line  of  deyelopmentof  the  marine  engineering 
of  the  future. 

No  doubt  we  shall  be  told  at  once  that  steamships  can  not  imitata 
the  movements  of  the  porpoise,  that  his  motion  is  a  question  of  ilaid 
displHcement  and  "stream-line"  action  or  effect,  due  to  t^e  sinnons 
inflections  of  his  body,  and  of  his  tail  especially.  This  is  partly  '.me, 
and  it  is  not  here  contended  that  we  can  make  ships  with  flexible  back- 
bones like  a  flsb,  aud  give  tbem  a  fish-like  motion.  Cfevertfaelesa  it 
appears  probable,  if  not  certain,  that  tbe  main  and  essential  cause  of 
the  enormous  waste  of  power  at  present  attaching  to  man's  work,  tbe 
sliip  or  the  torpedo,  when  compared  with  nature's  work,  the  porpoise 
or  the  shark,  is  surface  or  skin  friction. 

That  skin  friction  is  the  leading  agent  in  rendering  necessary  tbe 
immense  power  required  to  proitel  ocean  steamers  or  battleships  through 
the  water  is  clearly  recognized  by  the  chielf  authorities  on  the  subject, 
such  as  Mr.  White  in  his  standard  work  on  navdl  architecture.  Herein 
he  only  follows  on  tbe  principles  which  were  first,  I  think,  formulated 
by  the  elder  Mr.  Fronde,  lato  investigator  of  marine  problems  to  the 
British  Admiralty,  in  a  paper  read  many  years  ago  at  a  meeting  of 
the  British  as»<x;iation  at  Bristol.  In  order  to  clear  away  a  prevail 
ing  misconception,  or  popular  error,  which  quite  vitiates  any  sound 
argument  on  this  whole  subject,  it  seems  necessary  to  refer  to  Mr. 
Fronde's  paper.  Therein  he  demonstrated  tliat  the  idea  that  the  resist 
aiice  to  motion  of  a  body  through  water  is  to  bo  measured  by  '*  head'' 
resistance,  or  the  resistance  of  its  cross  section,  to  passage  throngh  the 
water  is  baseless  and  mistaken.  There  is  really  no  such  thing  as  head 
resistance,  so  that  if  a  fairly  well-designoil  body,sncb  as  a  torpedo,  were 
entirely  immersed  in  a  perfect  fluid  and  stai-tcdin  motion  at  any  given 
speed  it  would,  if  there  were  no  surface  friction,  continue  to  move 
uniformly  in  a  straight  line  ad  infinitum.  The  result  of  this  law,  as 
applied  to  water,  which  is  not  quite  a  perfect  fluid,  but  has  some  small 
amount  of  viscosity,  is  that  very  nearly  but  not  quite  all — about  98  i>er 
cent,  speaking  approximately  from  memory — of  the  total  resistance  to 
the  motion  of  such  a  torpedo  under  water  is  due  to  skin  or  fluid  friction. 
Any  considerable  reduction  therefore  in  this  friction  would  effect  a  very 
large  corresponding  gain  in  the  speed  of  the  submerged  body,  or  a 
diminution  in  the  power  required  to  propel  it  at  the  same  speed. 

Wlien  we  come  to  deal  with  the  case  of  bodies  only  partly  submerged, 
such  as  ships,  the  matter  is  not  so  simple,  as  a  very  appreciable  fraction 
of  the  total  resistance  to  motion  is  due  to  the  action  of  waves  and  wind, 
and  involves  a  consideration  of  length,  depth,  etc.,  on  the  part  of  the 
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ship,  as  compared  with  the  magnitude,  i>eriod,  direction,  and  charact^ 
ot  tbc  opposing  waves.  N^everthelesB  Mr.  White,  to  whom  I  again  refer 
as  the  teading  authority,  has  clearly  laid  down  that  a  varying  ]>erceat- 
age,  amounting  atwayn  to  considerably  the  larger  half,  of  the  total 
reaistance  to  Huch  a  vessel's  motion  through  the  water  is  still  due  to 
mrfiace  or  skiD  friction. 

Broadly,  therefore,  we  are  brought  to  this  conclusion,  that  this  friction 
ii  the  leading  and  essential  cause  of  the  great  wu«te  of  power  in  the 
{ffopulsion  of  all  vessels  of  man^s  design,  whether  partly  or  wholly  sub- 
merged, when  compared  with  the  natural  propulsion  of  fish  or  marine 
animals,  such  as  whales,  niuler  corresponding  circamstances  and  condi- 
tions. Hence  the  question  of  the  possible  reduction  of  this  friction  is 
one  of  vast  and  supreme  importance  to  the  marine  engineer. 

Now  if  we  saw  that  nature  solved  this  problem  in  only  one  way,  and 
that  way  clearly  inai)plical)le  to  such  bodies  as  steamships,  we  might 
well  despair  of  any  good  result  to  be  obtained  by  inquiry  and  investi- 
gation into  the  Bubject.  Thus,  if  all  fish,  marine  animals,  and  rapidly 
moving  aquatic  birds  were  all  alike  coated  with  slime  like  the  eel  we 
night  fairly  conclude  that,  as  we  cau  hiirdly  hope  to  coat  her  Majesy'e 
ifionelads  with  i>erpetual  slime,  we  may  give  the  question  up.  But  as 
a  matter  of  fact  we  find  on  a  very  slight  consideration  of  the  subject 
tmt  nature  solves  this  problem  in  many  and  various  different  ways. 
The  slime  of  the  eel  whereby,  as  wemayperhapspresome,  he  is  enabled 
to  slip  easily  through  the  water  has  no  sort  or  kind  of  resemblance  to 
the  rough,  hard,  shagreen,  or  tough  outer  skin  of  the  shark,  nor  is  this, 
^ain,  in  the  least  like  the  scales  of  the  numerous  varieties  of  scale  fish, 
the  fiir  of  the  otter  or  the  seal,  or  the  feathers  of  a  rapidly  diving  bird. 
Here,  therefore,  as  it  apjtears,  is  a  vast  field  open  to  inquiry,  invcstiga- 
ti«Mi,  and  experiment. 

As  I  think,  it  is  a  much  more  promising  field  than  our  present  system 
of  piling  up  enormous  engine  [wwer  to  meet  an  enormous  and  cver- 
increasing- resistance.  For  we  have  already  said  that  the  resistance 
to  oar  locomotion  through  water  at  present  increases  In  a  rapidly 
increasing  ratio  as  we  increase  the  speed ;  whereas  it  seema  clear  that 
nature  la  her  beautiful  arrangements  for  dispensing  with  or  minimizing 
skin  friction  contrives  to  avoid  altogether  this  disproportionate  piling 
up  of  resistance  to  increased  speed.  It  should,  however,  be  noted  that 
tiuB  whole  problem  is  greatly  complicated  by  tlie  question  of  the  coq- 
tmual  fouling  of  ships'  bottoms,  due  to  the  growth  of  wee<ls,  the  shells 
of  marine  parasites,  ete.  Scientific  investigators  may  projiose  as  many 
elaborate  antitrictioa  surfaces  as  they  pleast*,  but  any  old  tar  who  has 
Been  his  ship  frequently  coated  thickly  with  barnacles  and  weeds,  in 
spite  of  the  use  of  numerous  patent  antifonling  compositions,  will  be 
Ukely  to  shake  his  head  doubtfully  over  them. 

This  is  a  serious  complication.  It  means  that  we  must  seek  for  some 
Bobstance  or  some  system  of  construction  for  the  external  coating  of 
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our  TBSseU  which  will  lend  itself  aa  little  aa  possible  to  the  lodgtneDt 
of  snch  weeds  and  barnacles.  And  it  also  means  probably  that  oar 
ships  most  be  overbaaled  in  dry  dock  more  frequently  and  regularly^ 
which  again  will  involve  the  construction  of  numerous  docks  at  suit- 
able  ports  along  the  ocean  highways.  But  I  submit  that  such  meas- 
ures will  well  repay  us,  if  thereby  we  cau  gain  a  more  than  equivalent 
increase  in  speed. 

]!{evertheless  I  freely  admit  that  it  is  very  possible  that  no  inert  and 
lifeless  surface  of  man's  design  can  be  or  ever  will  be  devised  which 
will  compete  for  the  present  purpose  with  the  living  skin,  fur,  or 
feathers  which  an  all-wise  Creator  has  specially  adapted  to  the  par- 
pose  of  marine  navigation  according  to  the  requirements  of  the  varioos 
aquatic  forms  of  life. 

But  we  need  not  thereupon  despair.  It  would  be  simple  folly  to 
despair  of  this  problem  so  long  as  we  are  so  profoundly  ignorant  of  its 
true  conditions.  When  we  have  thoroughly  investigated  the  laws  and 
working  of  this  fluid  friction  and  ascertained  its  true  uatore  and 
limits,  we  shall  then,  and  not  till  then,  be  justified  in  forming  an 
opinion  as  to  whether  it  be  or  be  not  possible  to  meet  and  deal  with 
it  successfully  by  methods  which  are  practically  applicable  to  ocean 
navigation. 

Practical  methods  are  the  essence  of  the  matter;  for  nobody  is  fool- 
ish enough  to  pretoud  that  we  can  coat  our  ironclads  externally  with 
sealskin  or  with  porpoise  hide,  and  undoubtedly  we  are  at  a  great 
disadvantage  as  compared  with  nature  and  her  living  forms.  Very 
possibly  the  ultimate  solution  of  this  question  may  be  found  in  the 
application  of  some  new  material  altogether  to  the  external  coating  of 
our  vessels.  Compressed  paper,  or  compressed  ramie  fiber,  which  are 
now  increasingly  employed  in  America  for  railway  wheels  and  steam 
pipes,  would  seem  promising  materials  for  the  purpose.  They  admit  of 
being  mol(le<l  externally  into  any  minute  grooves  or  tiny  overlapping 
plates,  like  the  scales  of  a  fish.  Little  or  no  extra  expense  will  thereby 
be  incnrred,  as  an  enormous  hydraulic  pressure,  capable  of  forming  any  . 
required  surface,  is  already  employed  in  the  reguliu-  course  of  mana- 
facture;  or  they  can  just  as  easily  be  molded  into  a  rough  shagreen, 
which  in  form  can  he  made  a  facsimile  reprodnction  of  the  skin  of  the 
shark,  and  by  their  tough  and  strong  retentive  structure  they  would 
efl'ectually  protect  the  steel  ar  real  skin  of  the  vessel  from  corrosion  by 
the  salt  water.  But  all  this  is  mere  cot^jecture.  Any  such  suggestions 
which  any  man  can  propound  will  be  nothing  more  than  con,iectnre,  so 
long  as  we  are  content  to  remain  in  our  present  deplorable  darkness  and 
ignorance  of  the  real  governing  conditions  of  the  problem.  What  we 
most  require  is  therefore  light. 

I  veuture  to  think  that  the  lords  of  the  Admiralty  could  hardly 
spend  £2,000  or  £3,000  a  year,  or  whatever  modest  sum  a  systematic 
conrse  of  experiments,  undertaken  by  a-eompetent  Batdiority  like  Mr, 
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Fronde,  migbt  cost,  with  greater  advantage  to  her  Mt^esty's  navy  and 
to  the  nation  at  large  aa  the  leading  maritime  power,  than  hy  spending 
it  in  such  an  investigation.  ,  It  is  easy  to  see  the  general  line  which  a 
course  of  experiments  might  take.  Thns  one  might  commence  with  a 
real  live  porpoise,  or,  if  smaller  Bcale  eiiperimentB  and  a  cheaper  plant 
be  necessary,  with  a  salmon  or  a  pike.  Tow  him  through  the  water,  in 
a  tank  or  pond,  in  a  more  or  less  inanimate  and  nonresistiug  condition, 
and  meoHare  carefally  by  chronographs  and  power  meters  the  exact 
horsepower  required  to  attain  a  given  speed  or  the  exact  time  and 
speed  due  to  a  given  horsepower.  Then  ma  a  steel  bar  through  him 
to  kill  and  keep  him  rigid,  and  repeat  the  experiments  with  a  view  to 
ascertain  how  far  the  rigidity  of  form  would  affect  the  result.  Next 
weigh  and  take  an  exact  cast  of  him  in  plaster  of  paris,  and  cause  auy 
nnmber  of  models  to  be  made,  all  of  the  same  uniform  pattern  and 
weighted  up  to  the  same  weight,  but  vary  the  material  and  surface 
Btmctore  of  the  models  iudetlnitely,  with  a  view  to  ascertain  the  con- 
ditjons  of  minimum  and  maximum  skin  friction.  Uepeat  the  experi- 
ment with  these  various  models.  The  result  of  snch  a  preliminary 
coarse  of  experiment,  especially  if  carried  out  on  a  good-sized  scale,  say 
with  models  of  a  large  porpoise  or  a  shark,  could  not  fail  to  be  most 
valuable  and  important.  It  would  establish  incoutestably,  once  and 
for  all,  whether  I  am  correct  in  believing  that  there  is  any  sudi  large 
difference  between  the  power  required  to  tow  a  torpedo  through  the 
water  and  that  required  for  a  lish  or  marine  animal  of  a  corresponding 
size.  If  so,  we  should  learn  generally  how,  by  further  systematic 
investigation,  to  determine  the  real  and  essential  conditions  on  which 
this  difference  hinges.  Tliereby  we  should  probably  see  eventually  the 
best  way  of  minimizing  fluid  friction  in  practice.  It  should  be  borne 
in  mind  that,  if  we  could  only  gain  a  knot  an  hour  in  the  speed  of  an 
ironclad  or  an  Atlantic  liner  for  a  given  horsepower,  the  result  would 
be  very  imitortant,  and  would  amply  repay  any  possible  cost  and 
tronble  in  the  exi>eriments. 

It  would  probably  be  found  that  a  smooth  surface  of  iron  or  steel  is 
about  the  worst  which  we  can  give  to  our  ships.  For  a  smooth  metal 
surface  has  apparently  the  proi>erty  of  attracting  and  detaining  the 
particles  of  water  in  contact  with  it,  whether  by  molecular  attraction 
or  otherwise.  Thereby  the  water  in  inimetliatecontact  with  the  vessel's 
side  or  bottom  is  drawn  along  with  her,  and  its  particles  communicate 
their  motion  to  an  outer  <;ircleof  particles,  and  so  on  till  a  vast  mass  of 
water  is  set  constantly  in  motion  along  with  the  ship.  Tiiis  is  precisely 
what  we  want  to  avoid,  as  the  essence  nf  the  reduction  of  Huid  friction 
is  to  slip  easily  through  the  water  with  the  least  i)ossible  disturbance. 
Herein  lies,  as  J  imagine,  the  great  advantage  of  thesurface  structure 
of  the  flsh.  It  would  probably  be  found  by  experiment  that  an  exact 
model  of  a  flsh  in  any  ordinary  material,  aswood,  iron,  steel, etc.,  when 
towed  through  the  water  at  a  given  rate,  would  communicate  motion  to 
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a  straw  or  liglit  floating  object  lying  near  its  course  to  a  fiu*  greater 
extent  than  would  tbe  real  fish  passing  through  the  water  at  the  same 
speed.  Experimeuts  on  this  point  would  be  easy,  and  would  be  as  val- 
uable and  suggestive  when  applied  to  different  materials  and  sarfEtces 
as  the  former  suggested  experiments  on  horsepower. 

Nature  seems  to  abhor  geuerally  a  really  smooth  or  polished  surface 
for  water  propulsion.  Thus,  if  we  pat  a  piece  of  the  skin  of  the  sole 
under  the  microscope  we  shall  see  that  it  is  com)^>o8ed  of  orerlappiug 
layers  of  scales.  On  the  lower  or  outer  end  of  each  scale  we  see  a 
number  of  small  projecting  homa  or  points.  I  can  only  presume  that 
tbe  particles  of  water  in  most  immediate  contact  with  tbe  fish  are 
passed  on  from  scale  to  scale  like  the  rain  running  off  a  slated  root 
without  pausing  to  adhere  t«  any  individual  scale,  and  that  tbeir 
disengagement  without  adhesion  or  friction  arising  from  molecular 
attractiou  is  &cilitated  in  some  way  by  the  projecting  rows  of  points. 
Further  similar  and  collateral  investigations  will  easily  suggest  them- 
selves. But  enough,  and  iierbaps  more  than  enough,  has  been  said. 
I  will  therefore  conclude  this  discussion  by  repeating  that  tbe  question 
of  the  reduction  of  fluid  friction  is  one  of  primary  importance  to  tbe 
whole  future  of  ocean  navigation,  and  that  it  is  high  time  that  tbe 
attention  of  competent  marine  engineers  should  be  directed  to  the 
subject. 

So  for  I  have  confined  myself  to  this  question  of  fluid  friction,  as  a 
thorough  study  of  its  laws  constitutes,  it  is  contended,  the  proper  and 
the  only  sound  and  scientific  basis  for  the  marine  engineering  of  tbe 
future.  But  we  must  not  stop  there.  It  does  not  require  the  trained 
perception  of  a  naval  architect  to  see  that  we  must  go  further.  1  hope 
that  the  majority  of  such  skilled  specialists,  who  take  a  broad  view  of 
the  present  position  of  their  profession,  will  agree  with  me  that  tbe 
next  step  after  we  have  eliminated  as  far  as  possible,  or  brought  down 
to  an  irreducible  minimum,  the  all-important  elemeut  of  fluid  friction, 
will  be  to  set  ourselves  to  reduce  similarly  to  a  minimum  the  other 
important  retarding  element  of  wave  action.  This  means  probably,  in 
tbe  case  especially  of  cargo-carrying  steamships,  tbe  adoption  of  a 
vessel  of  the  American  whale-back  type,  or  some  suitable  modification 
of  it,  with  a  light  commodious  superatmctiire  for  tbe  convenience  and 
comfort  of  passengers  and  crew. 

Should  we  be  fairly  successfbl  in  these  two  distinct  objects,  tbe 
reduction  to  a  minimum  of  flnid  frictiou  by  suit(U>le  modifications  in 
tbe  external  materials  and  structure  of  our  ships,  and  the  similar 
reduction  of  retarding  wave  action  by  the  employment  of  a  long,  deep, 
mainly  submerged  vessel,  the  ocean  steamships  of  the  fotore  may 
lierhaps  run  at  40  or  even  M  knots  an  hour  without  any  oudae  or 
extraordinary  increase  in  propulsive  power. 

It  is  at  present  quite  impossible  to  give  any  estimate  of  the  magni- 
tude and  importance  of  tbe  issues  involved  in  a  succeBsfiil  solntiou  of 
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these  problems.  This  will  eotirely  depeod  apon  the  extent  to  which  we 
can  reduce  the  fluid  resistance.  If  we  can  eventosUy  approximate  in 
any  considerable  degree  to  the  easy  course  of  the  fl^,  the  reaalt  will 
amount  to  a  complete  revolation  in  ocean  navigation. 

III. 

In  order  not  to  prolong  this  paper  unduly  I  will  only  briefly  mentioD 
two  more  distinct  subjects  in  which  there  seems  to  be  room  for  probable 
large  new  departures  iu  the  future,  and  at  no  remote  date. 

The  problem  of  how  to  extract  the  storednp  power  in  coal  without 
burning  it  is  of  the  first  importance  to  tlie  whole  future  of  physical 
and  mechanical  science.  It  is  generally  admitted  that  the  very  best 
designed  furnace  is  but  a  lame  and  most  wasteful  way  of  utilizing  the 
rast  reservoir  of  potential  work  iu  a  ton  of  coal.  The  leading  chemists 
and  professors  of  science  are  aware  of  the  magnitude  and  importance 
of  this  problem,  and  no  doubt  many  able  and  cotnpeteut  brains  are 
DOW  at  work  upon  it.  The  question,  if  I  rightly  apprehend  it,  amounts 
to  this :  How  can  we  best,  by  some  simple  and  practical  process,  reduce 
coal  to  a  condition  in  which  it  will,  when  brought  into  conjunction  with 
the  inexhaustible  reservoir  of  osygeu  in  the  atmosphere,  give  us  the 
necessary  elements  for  the  production  of  an  electric  battery!  The  suc- 
cessful solution  of  this  problem  will  constitute  a  new  era  in  science 
and  lead  to  results  of  vast  and  incalculable  importance  in  the  future. 
It  is  quite  possible  that  its  early  solution,  by  supplying  us  with  the 
necessary  conditions  for  the  production  of  power  iu  au  extremely  light 
and  portable  shai>e,will  greatly  hasten  and  facilitate  a  successful  attack 
upon  the  first  discussed  problem  of  aerial  navigation. 

Lastly,  the  problem  of  how  to  reduce  the  vegetable  foods,  which  at 
present  are  only  adapted  to  animals  like  the  cow,  the  sheep,  or  the 
horse,  to  a  condition  suited  to  the  human  digestion  and  to  the  human 
palate  is  one  of  great  importance.  The  chemical  constituents  of  these 
vegetable  foods,  such  as  grass,  are  similar  to  those  which  we  now  con- 
sume in  various  existing  foods,  and  they  are  adapted  to  the  require- 
ments of  the  human  frame.  It  is  only  a  question  of  digestion.  It  can 
hardly  be  bot  that  with  the  continual  progress  of  organic  chemistry 
and  medical  science  some  means  will  sooner  or  later  be  discovered  of 
solving  this  problem.  If  the  process  can  be  brought  to  a  cheap  and 
workable  shape  the  sources  of  our  food  supply  will  be  greatly  enlarged 
aud  extended  at  a  time,  perhaps,  when  increasing  population  and  a 
growing  pressure  in  the  struggle  for  existence  will  render  such  a  result 
most  opportune  aud  welcome  to  the  world. 
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THE  FOUNDING  OF  THE  BERLIN  UNIVERSITY  AND  THE 
TRANSITION  FROM  THE  PHILOSOPHIC  TO  THE  SOIEN- 
TIFIO  AGE.' 

By  Rudolph  Vibchow. 


A  pleasant  task  is  set  the  orator  on  thin  day.  The  son  of  the  founder 
of  our  university  made  choice  of  Lis  father's  birthday  as  the  occasion 
on  which  to  renew  aonaally  in  festive  assembly  the  memory  of  King 
Frederick  William  III,  and  to  keep  alive  among  all  clattses  the  feeling 
of  gratitude  for  his  high-minded  deed. 

The  task  has  gradnally  increased  in  difflcnlty.  For  many  years  vra 
were  accnstomed  to  listen  to  men  at  this  celebration  who  had  helped  to 
rear  our  university,  which  enjoys  the  honorable  distinction  of  bearing 
the  name  of  Frederick  William.  As  living  witnesses  they  were  quni 
ified  to  give  testimony  of  the  intentions  which  underlay  the  beginnings 
of  the  great  work.  Their  personal  exi>eriences  enabled  them  to  recount 
the  difflcalties  that  had  to  be  overcome  in  order  to  realize  the  funda- 
mental ideas.  As  contemporaries  of  the  founder  finally  they  could 
justly  claim  attention  when  they  spoke  of  the  successes  obtained  by 
the  new  institution,  and  of  the  impediments  which  had  often  opposed 
themselves  to  the  inner  and  outer  development  of  academic  life.  With 
what  reverent  attention  we  younger  men  harjceued  to  the  words  drop- 
ping from  eloqnent  lips,  and  how  wide  were  the  circles  that  expected 
to  hear  in  them  a  8ol>er  and  frank  judgment  on  the  methods  that  had 
been  employed  and  to  receive  advice  and  encouragement  for  the  future! 

The  ranks  of  these  men  have  been  quickly  exhausted ;  the  last  of 
them  has  passed  away.  Even  the  oldest  of  our  contemporaries  who 
saw  King  Frederick  William  III  belong  to  a  younger  generation,  which 
had  a  realizing  sense  neither  of  tho  degradation  nor  of  the  glorious 
reconstruction  of  our  country.  We  can  follow  up  the  story  of  the 
founding  of  our  institution  only  by  means  of  historic  tradition,  which, 
it  is  aoiveraally  concealed,  is  fragmentary  and  untrustworthy  even  iu 
the  case  of  recent  events,  Wc  may  say  with  some  degree  of  certainty 
what  we  have  become,  but  we  grow  dubious  when  we  are  called  upon 
to  tell  how  we  have  become  what  we  are.  The  specialist  has  confidence 
in  himself  only  when  his  specialty  is  concerned,  and  so  it  happens  that 
most  of  the  recent  orators  of  this  day  have  preferred  to  depict  the 
course  of  development  in  the  light  of  their  Si>ecialty. 

'Tniulatioti  of  an  nddrras  delivered  Aagast  3, 1893,  in  tlie  main  hall  of  tb«  Royal 
BUediioh-WlUtelm  Univenlty  bj  the  lector,  Bndolpb  Vlrohow. 
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Yet  not  oue  has  beeu  able  to  forego  the  consideration  of  the  straggle 
through  which  the  idea  of  the  establishment  of  this  nniversity  cnlmi- 
nated  in  a  creative  a«t  at  a  time  of  sore  hardship.  Often  as  the  story 
faae  been  told,  it  must  be  told  anew  for  the  benefit  of  yonth  ripening 
into  manhood  and  the  refinement  of  endeavor  in  all  circles  of  academic 
cultara  It  must  be  instilled  into  them  that  the  foanding  of  the  Berlin 
University  was  not  merely  an  act  of  highest  political  wisdom,  but  also 
an  eminently  moral  deed. 

As  early  as  his  crown  prince  days,  Frederick  William  had  been  drawn 
into  the  surging  flood  that  was  soon  to  submerge  the  whole  of  Earope. 
He  had  been  compelled  to  take  part  in  the  unfortunate  campaign 
against  revolutionary  France,  which  liad  shattered  Prussia's  strength. 
Bis  father's  last  political  act  of  importance,  the  third  partition  of 
Poland,  hatl  burdened  him  with  a  heritage  whose  baneful  influence 
made  itself  felt  for  many  days.  He  bad  assumed  the  reins  of  govern- 
ment filled  with  the  most  benevolent  and  the  noblest  iutentioos  for 
the  weal  of  his  subjects.  To  hia  own  country  he  promised  economy 
and  far-reaching  reforms;  to  foreign  countries,  strict  neutrality.  He 
devoted  himself  earnestly  to  the  affairs  of  government,  not  in  the 
perfiinctory  fashion  of  a  mere  administrator  of  the  highest  power,  but 
with  the  positive  energy  of  a  true  reformer.  Then  it  was,  as  we  know, 
that  the  idea  of  founding  a  university  at  Berlin  occurred  to  bim  and 
grew  strong.  In  vain!  The  march  of  European  affairs,  to  whose  com- 
plication Frederick  William  II  had  greatly  contributed,  with  fatalistic 
logic  dragged  Prussia  into  ruin.  A  single  battle  annihilated  the  army, 
and  with  it  the  state  of  Frederick  the  Great  What  the  arms  of  the 
enemy  had  left  undone  was  completed  by  the  treachery  and  the  folly  of 
the  leaders.  The  King  could  save  the  remnant  of  the  loyal  brave  only 
by  leading  it  back  across  the  Vistula.  All  the  provinces  beyond  the 
Elbe  were  lost;  the  rest,  impoverished,  bereft  of  practically  all  their 
resources,  appeared  to  be  easy  booty  for  the  conqueror.  To  hope  for 
better  days  was  by  most  held  to  be  audacity. 

And  there  were  audacious  men  in  Prussia.  The  severity  of  the 
oppression,  the  monstrous  ill-usage  to  which  the  people— to  which  even 
the  King  and  his  family — were  exposed,  aroused  the  desire  for  revenge 
and  the  longing  for  deliverance  from  alien  rule  in  unsuspected  strength. 
To  a  greater  extent  than  for  centuries  personal  interests  sank  into  the 
background  to  make  room  for  the  great  thought  of  patriotism  and 
liberty.  Out  of  the  chaos  of  passions  sprang  up  idealism — that  Ger- 
man idealism  which  was  soon  to  become  the  hobgoblin  of  tbeconqueror. 
How  long  since  nothing  had  beeu  heard  of  a  German  Vaterland !  And 
now  the  poet's  cry  rang  out,  "  Our  country  must  be  wider."  How  few 
had  harbored  the  thought  that  such  a  Vaterland  might  become  the 
."^iDck  of  civic  liberty  and  peace,  the  home  of  the  highest  aspirations 
%fter  culture  I 

With  sincere  gratib  ^knowledge  tiiat  the  King  was  one 
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of  tbe  idealists.  In  tbe  days  of  Memel  and  Ki>iiig»l)erg  be  found  time 
to  pass  the  prospects  for  tlie  futnre  in  review  with. faithful  counselors. 
Depressed  by  tbe  tragic  fate  of  the  conntry,  anxioas  lest  new  efforts 
lead  to  deeper  hniniliation,  bis  heart  fall  of  concern  about  the  sad 
^ects  upon  his  dear  ones,  be  still  had  the  streugth  of  miud  to  preserve 
his  personal  dignity,  and  not  ouly  to  cliii^  to  the  hoi)e  of  a  favorable 
tnm  in  bis  fortunes,  but  also,  witb  truly  statesmanlike  ajipreciation  of 
tbe  circumstances,  to  devise  ways  and  means  whereby  the  rebabilitatton 
of  the  people  might  be  mwle  possible  through  its  own  energy. 

His  deep  religions  feeling,  never  left  him  during  bis  long  reign,  filled 
him  with  immutable  tmst  in  God.  "  With  Ood  for  King  and  country" 
soon  became  the  battle  cry  with  which  tbe  people  rushed  to  the  bitter 
war,  for  coofldence  was  inspired  by  tbe  caution  and  resolution  witb 
which  the  tried  men  summoned  to  the  King's  council  made  all  prep- 
uations  for  long-delayed  deliverance.  It  had  become  a  principle  with 
the  GovenuueDt  to  call  into  unhampered  action  all  the  living  forces 
of  tbe  State.  As  early  as  1807  and  ISOS  reforms  that  may  be  described 
as  almost  revolutionary  were  instituted.  The  principle  that  every  citi- 
zen is  in  duty  bound  to  serve  in  the  defense  of  bis  country,  wholly  new 
to  tbe  modern  world,  was  enunciated.  The  way  was  opened  for  the  tree 
economic  development  of  the  rural  districts  and  the  self  governivtot  of 
the  municipal  communities.  New  institutions  in  the  province  of  peda- 
gdgics  were  to  offer  tbe  surest  guarantee  for  the  education  of  the  people, 
uid  as  his  first  and  highest  task  the  King  put  upon  his  programme  the 
eetablisbment  of  a  university  in  Berlin, 

By  the  cession  of  the  western  provinces,  Halle,  Erlangen,  and  a 
number  of  Saxon,  Westphalian,  and  Rhenish  universities  were  lost.  A 
deputation  of  professors  from  Halle  approached  the  King  at  Hemel  in 
August,  1807,  to  petition  for  tbe  transfer  of  their  university  to  Berlin, 
For  political  reasons  the  King  felt  obliged  to  refuse  the  request,  but  he 
waoonced  bis  intention  of  creating  a  new  university  at  Berlin,  adding 
the  celebrated  sentiment  that  what  the  state  had  lost  in  physical  forces 
must  be  replaced  by  spiritual  forces.  Accordingly,  a  cabinet  order  of 
September  4, 1807,  decreed  "  tbe  establishment  at  Berlin  of  an  insti- 
tntion  for  alt  branches  of  learning  in  suitable  connection  with  the 
Academy  of  Sciences." 

Berlin  at  that  tJme  was  still  occupied  by  the  French.  A  year  passed 
before  the  evacuation  on  Oecember  :i,  1803.  On  December  13  a  new 
cabinet  was  formed,  and  on  February  20, 18U9,  Wilhclm  von  Humboldt 
wu  pat  at  the  head  of  t)ie  bureau  of  education.  Now  tbe  actual  work 
began.  A  flew  months  later  we  find  the  erudite  statesman  in  the  far 
Bast  occupied  with  what  he  considered  his  first  and  foremost  duty,  the 
ptelimin«ies  for  the  organization  of  tbe  Berliu  University.  It  was  to 
be  more,  he  said,  than  a  merely  local  inHtitntion;  by  its  instrumentality 
"German  science  was  to  be  given  a  refuge,  the  hojie  of  which  bad 
almost  been  relinquished."     He  engaged  the  services  of  a  number  (tf 
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distinguisbed  Bcbolars,  secured  the  itrivileges  for  the  new  iustitution, 
atul  procured  for  it  this  palace  iu  which  we  dow  are,  failing  to  obtain 
only  the  euduffment  wbicb  he  bad  demanded.  On  Jane  14, 1810,  be  felt 
impelled  to  baud  in  bis  resigDation,  bnt  he  gave  up  his  office  with  the 
consciousness  of  having  reached  the  highest  practical  success  of  his 
Ufe. 

At  Obristmas  of  1809  the  King  left  East  Prussia,  accompanied  by 
his  family  and  his  councilors.  A  sorely  tried  man  of  40,  he  returned 
to  the  capital  whence  bis  ancestors  during  four  centuries  had  managed 
the  building  up  of  the  state,  of  which  little  more  than  the  fonudatioDS 
remained.  He  came  back  to  the  places  that  bad  witnessed  the  peaceful 
joys  of  ilia  young  married  life,  and  where  he  had  striven  to  insure  bia 
people's  happiness  by  training  it  to  the  feai  of  Qod  and  to  pure  moral- 
ity. How  chauged  was  all  that !  Yet  his  greatest  trial  was  still  to  come. 
The  King's  dearest  i>ossession,  bis  beautiful,  high-minded  wife,  his 
solace  and  comfort  iu  misfortune,  who  had  shared  all  his  suffering  with 
unparalleled  courage,  was  to  be  torn  from  his  side.  The  insidiuas 
disease,  whose  ravages  had  long  been  perceptible,  made  rapid  sbides, 
and  on  July  19, 1810,  the  Queen  succumbed. 

Tbe  world  knows  how  deeply  Frederick  William  felt  the  loss,  how  bis 
wflolfl^eople  sorrowed  with  him.  Even  at  tbis  late  day,  every  beholder 
of  tbe'  magnificent  monument  erected  by  tbe  King  in  honor  of  his 
niart^T  wife  is  seized  with  admiration  and  grief.  At  the  time,  the 
remembrance  of  tbe  Queen's  troubles  was  an  added  incentive  to  the 
most  strenuous  etlorts  for  the  deliverance  of  the  country,  and  so  make 
amends,  as  it  were,  for  the  distress  inflicted  upon  the  noblest  of  women, 

A  chronological  review  of  the  documents  pertaining  to  the  prepai-a- 
tioiis  for  the  new  university  betrays  by  only  a  slight  gap  the  occnrreDce 
of  the  sad  event.  In  August  the  negotiations  are  resumed,  the  last  for 
wliicb  Wilbelm  von  Humboldt's  counsel  was  invited.  The  cabinetorder 
ap[>ointing  tbe  first  rector  and  the  deans  of  the  four  faculties  bears  date 
September  28,  and  on  October  10, 181U,  tbe  officers  elected  np  to  that 
time  assembled  in  tbe  university  building.  It  was  a  small  gathering, 
sixteen  persons  in  all.  The  proceedings  were  conducted  in  a  business- 
like manner,  without  blare  of  trumpets.  It  is  evident  that  tbe  troabloas 
times  weighed  on  all  minds.  Perhaps  never  before  nor  since  has  so 
momentous  an  act,  one  so  long  and  eagerly  awaited,  been  accomplished 
so  quietly  and  informally. 

Work  was  begun  at  once.  On  October  15  Hufelsnd,  Graefe,  and 
Klaproth,  and  on  October  21  Pichte,  opened  their  lecture  courses,  and 
on  October  29,  tbe  day  originally  set,  tbe  in^ority  of  tbe  professors 
followed  suit.  Small  tlioiigh  tbe  corps  of  instructors  was,  it  was  ener- 
getic and  elticient ;  tbe  brilbancy  of  their  names  and  acbievementfi  com- 
pensate for  their  restricted  numbers. 

It  is  not  our  object  today  to  enter  into  further  details.  Our  auni- 
versary  celebration  rather  suggests  a  general  discussion  of  tbe  results 
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I  by  the  new  institation.  To  wbat  extent  has  it  fulfilled  the 
expectations  entertained  by  the  King  at  its  eatablislimeutf  And  what 
has  been  its  significance  in  the  derelopment  of  soiencel 

Without  boaBtfulnesH  we  may  say  that  its  first  effect  was  to  stimulate 
most  powerfully  the  sense  of  oatiooality.  Itn  very  existence  indicated 
that  Pmssia  had  not  given  faereelf  up  for  lost.  Its  first  years,  to  be  snre, 
witnessed  an  increase  in  the  oppression  exercised  by  alien  rule.  Napo- 
leon's Russian  campaign  heightened  the  misery  of  the  provinces  still  in 
the  possession  of  Prussia.  The  exactions  levied  by  the  enemy,despite 
his  having  become  an  ally,  exli»nsted  their  last  resonroes.  Forced  to 
participate  in  the  invasion  of  Rnsaia,  tlie  Prnssian  army  revoltMl  fi-om 
the  humiliation  of  acting  as  the  tool  for  a  stranger's  purposes.  The 
patriota,  and  with  them  the  young  who  h^  stayed  at  home,  applied 
themselves  to  devise  means  to  shake  oS'  the  yoke  of  foreign  rule.  A 
circle  of  enthnsiastic  youths  gathered  about  Ficbte,  who  had  never 
iriven  op  the  hope  of  regeneration,  and  bad  begun  bis  inspiring 
addresses  to  the  German  nation  even  before  the  eHtablishmentof  the 
noiversity.  And  when  flnally,after  the  disgraceful  end  of  the  Russian 
campaign,  resistance  began  to  gather  force  in  distant  East  Prussia; 
vhen  a  rising  of  the  whole  people  came  within  the  range  of  the  i>ossi- 
ble,  and  resolution  won  the  day  in  the  King's  conncil,  then  the  sdftkions 
to  the  war  of  liberation  was  nowhere  obeyed  more  enthusiastically  than 
in  the  Berlin  University  circles.  Here  all  was  in  readiness.  Teachers 
and  students  presented  themselves  for  military  service;  the  memorial 
tablet  in  this  hall  reconls  the  names  of  the  brave  who  in  1813  and  1S15 
Healed  their  devotion  to  their  country  with  death.  So  the  university 
showed  by  precept  and  example  what  forces  spiritnal  elevation  creates 
for  the  service  of  the  state. 

Slowly  the  almost  deserted  lecture  rooms  filled  up  after  peace  was 
established,  and  a  still  longer  time  it  took  our  academic  youth  to  real- 
ize that  their  duty  consisted  in  study  and  preparation  for  action,  not  in 
action  itself.  Repeatedly  academic  liberty  was  in  imminent  danger  on 
acconnt  of  the  unbridled  desire  of  individuals  to  interfere  with  the 
course  of  public  affairs.  But  gradually  the  conviction  that  quiet  work 
was  the  real  object  of  study  gained  ground,  and  the  palladium  of  a<ra- 
demic  life,  namely,  liberty  of  instroction  for  the  teachers  and  liberty  of 
study  for  the  students  (Lehrfreilieit  nnd  Lernfretheit),  was  happily 
rencned  from  all  assaults. 

Along  what  lines  did  the  actoal  development  of  the  university  pro- 
ceedT  Let  as  briefly  review  the  aims  of  scholarly  research  before  1810; 
details  are  of  course  out  of  the  question. 

Since  the  Beformation  the  philosophic  facnities  had  assumed  a  more 
aDdmoredominatingpositionatthe  NorthOerman  uuivermties.  Though 
occupying  the  last  place  in  the  hierarchic  series,  the  philosophic  fac- 
ility exercised  a  determining  inllnence  npon  the  general  tendency  of  the 
studies  with  regard  to  roetbod  aa  well  as  matter,    In  this  (le|>artroeut 
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olasaical  philology  and  history  were  represeuted  aa  well  as  mathematMss 
and  a  part  of  the  natural  Bciences;  and  philosophy  in  the  restricted 
sense  being  added,  this  faculty  gave  clearest  expression  to  the  uni- 
versalily  of  academic  instruction.  The  philosophic  faculty  was  the 
microcosm,  as  it  were,  of  the  aniveraitas.  The  other  focnlties  were  iu 
tliia  way  forced  into  the  positioii  of  specialty  schools;  even  the  medical 
&cDlties,  though  freqnentty  they  possessed  chairs  of  chemistry,  bottmy, 
and  natural  history,  not  wholly  escaping  this  description.  The  more 
sturdily  philosophy  in  the  narrow  sense  of  the  term  developed,  the 
more  it  seemed  the  center,  or  in  fact  the  oulmioatiou,  of  scholarly  stady. 
Its  method  was  adopted  as  the  stanilard  for  all  bruuches. 

Philosophy  first  developed  to  magnificent  proportions  in  Halle.  The 
Elector  Frederick  III  founded  the  university  at  fialle  in  1694,  as  also 
the  Academy  of  Arts  and  of  Sciences  at  Berlin,  in  order,  as  be  said,  to 
"make  a  human  being  of  man,  to  cleanse  him  of  the  filt^  of  barbarism, 
and  give  him  a  home  on  earth."  In  Halle  philosophy,  for  the  first  time 
on  German  soil,  obtained  a  preeminent  position.  Christian  Wolf  gath- 
ered numerous  disciples  about  him,  and  they  quickly  spread  the  new 
manoer  all  over  Germany.  8oon,  however,  he  aroused  the  suspicions 
of  the  orthodox.  An  address, "  De  philosoi>hia  Sinensinm  morale,"  gave 
the  occasion  for  a  cabinet  order  by  Frederick  William  I,  on  November 
15,  1723,  removing  him  from  his  position  and  punishing  him  with 
immediate  banishment.  Tims  ended  this  first  promising  attempt. 
The  recall  of  Wolf  by  Frederick  II  in  1740  was  unavailing  to  make 
amends. 

The  glory  of  having  secured  for  philosophy  a  second  and  long  period 
of  splendor  fell  to  the  share  of  the  University  of  Kouigsberg,  fomided 
by  Duke  Albert  of  Prussia  in  1544,  to  be  the  high  school  of  the  anadul- 
terated  Lutheran  creed.  But  as  early  as  the  time  of  the  great  Frederick 
it  began  to  lose  its  theologic  character.  Immannel  Eaut,  who  received 
the  professorship  of  logic  and  metaphysics  iu  1770,  became  the  accepted 
teacher  of  central  Eurox>e ;  through  his  agency  criticism  replaced  dogma. 
Notwithstanding  this,  his  authority  was  recognized  by  tiie  ecclesiasti- 
cal schools;  even  the  Catholic  universities  iu  the  central  provinces  of 
Germany  sent  him  students  designed  to  serve  as  teachers  at  home. 
The  rigidity  of  his  moral  system,  the  absolute  validity  of  the  categori- 
cal imperative  taught  by  him,  formed  the  connecting  link  between  two 
views  of  life  diametrically  opi>osed  to  each  other  at  every  other  poiut. 
Frederick  William  III,  who  had  been  interested  in  Kant's  works  from 
his  crown  prince  days,  and  had  entered  into  personal  relations  witii 
him  during  his  East  Prussian  exile,  esteemed  at  its  fiill  value  bis  high 
moral  influence.  Kant's  successfbl  career  contributed  not  a  little  to  the 
stren gtheniugof  the  hopescherished  in  Govemmentcircles  in  connection 
with  the  establishment  of  a  new  university. 

These  hopes  centered  iu  Fichte,  one  of  Kant's  disciples,  who  in  fact 
stood  godfother  to  our  university,  and  at  its  very  inception  impreesed 
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Upon  it,  as  it  were,  bis  sign  maniial.  It  liad  \teen  liis  fortniie  to  be 
teacher  in  Jena  at  tliat  period  of  greatest  luster,  when  the  poet  princes 
ioaagnrated  a  new  era  in  literature  and  a  liost  of  excellent  Bt^bnlars 
joioed  them.  Anioog  the  younger  men  pouring  in  from  all  sides  were 
the  brothers  Humboldt,  who  built  the  bridge  across  which  Fichte 
passed  to  the  uortbern  capital.  In  1793  tlte  iiiofessorahip  of  philosophy 
was  conferred  upon  him  at  Jena.  This  is  the  first  step  towanl  that 
departure  in  philosophy  which,  in  its  essence  idealistic,  led  to  "Natur- 
pbilosopbie"  and  inqaick  saccession  transformed  one  branch  of  science 
after  another  on  lines  of  i\  priori  reasoning.  Fichte  was  soon  accused  of 
atheism,  and  when  a  strong  and  a^ile  antagonist  arose  in  his  own  camp 
in  the  person  of  Scbelling,  lie  preferred  to  leave  the  little  town  of  the 
moses.  Frederick  William  III  receivetl  bim  in  Berlin,  even  before  the 
oniverBity  was  organized,  and  so  created  for  him  the  possibility  of 
af^lying  his  idealism  on  the  field  of  practical  politics  in  away  probably 
never  before  vouchsafed  to  a  philosopher.  His  fiery  zeal,  bis  eloquence, 
his  love  of  liberty,  insured  an  influence,  which  would  certainly  have 
become  paramount  for  a  long  period  after  the  establishment  of  peace, 
had  fate  not  decreed  otherwise.  On  January  27, 1814,  Ficbte  died  of 
typhoid  fever,  contracted  at  the  bedside  of  bis  wife,  who  bad  brought 
the  infection  from  tbe  military  lazaretto. 

At  the  instigation  of  Schleiermacber,  Hegel  was  proposed  to  the  min- 
istry in  1S16  as  Ficbte's  successor.  Despite  tbe  opposing  vote  of  De 
Wette,  who  represented  that  this  philosopher's  system  contradicted 
Christiaoity  and  no  less  tbe  reliable  principles  of  Aristotelian  logic,  and 
in  reality  was  but  a  form  of  "yaturpbilosopbie,"  tbe  Government 
offered  no  objections.  But  the  negotiations  were  without  result  on  this 
occasion.  A  little  while  later,  ni  181S,  tbe  services  of  tbe  ready  dia- 
lectician were  secured  for  Berlin.  Everybody  awaited  his  lectures  with 
eagerness.  The  circle  of  his  adherents  grew  rapidly  and  annually 
became  greater.  Soon  his  influence  over  the  thought  and  speech  of  bis 
contemporaries  had  become  so  <lecided  that  Hegelians  were  to  be  found 
in  every  faculty.  Tbe  whole  bo«ly  of  science  was  remodeled  by  them, 
and  their  master's  terminology  was  carried  to  the  remotest  depths  of 
every  specialty.  When,  on  November  14,  1S31,  he  8uccun:bed  to  tbe 
cholera  on  its  flrst  march  through  our  land,  be  left  a  veritable  staff  of 
drilled  disciples  who  undertook  to  continue  tbe  work  in  his  spirit  and 
transmit  tbe  traditions  of  bis  system  to  future  generations.  Nothing 
could  have  seemed  more  firmly  joined  than  the  system  of  this  self- 
centered  school.  Theology  and  jurisprudence,  politicsil  science,  and 
SAthetios  all  wore  tbe  garb  of  Hegelian  language  and  theory;  only  in 
inedi(»ne  and  tbe  natural  sciences  the  invasion  bad  confined  its  depre- 
dations to  individual  autboritiei^.  Although  the  master  was  gone,  bis 
\  bale  remained  visible  for  fully  a  decade,  one  may  say,  up  to  the  death 
of  King  Frederick  William  III,  whose  niiuister,  Altenstein,  himself  an 
cotimsiastic  Hegelian,  kept  tbe  system  in  power  by  his  favor.    Bat  opt 
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one  of  bia  disciples  jwasessod  the  creative  impulse,  nor  even  the  glow- 
iug  eiitbusiasm,  wliich  move  great  circles  of  men.  The  i>edau tic, often 
empty  phrases  left  as  tlte  residue  of  a  great  moveuieiit,  came  to  be  the 
target  of  ridicule,  as  before  they  had  beeu  the  object  of  aBtonlBbment 
or  even  admiratioD. 

Hegeiianism  was  the  last  of  the  successive  philosophic  schools  that 
grew  ap  ander  the  eye  of  Frederick  William  III.  With  "STatarphilos- 
ophie"  in  its  more  rigid,  or  better  its  more  logical,  development  be  did 
not  come  into  direct  contact.  Its  exponent,  Schelting,  first  Fichte's  dis- 
ciple, then  his  rival,  finally  bis  successor  in  Jeua,  had  soon  transferred 
his  activity  to  Bavaria ;  and  there  be  had  succeeded,  by  bold  strictures 
on  physiology  and  pathology,  in  attracting  the  attention  of  pbysidaus 
to  himself  and  his  system.  But  the  influence  which  "yaturphilosophie" 
did  indeed  obtain  in  medicine  lasted  only  a  short  time.  So  fiir  as 
Berliu  is  concerned,  it  might  have  passed  without  leaving  a  trace,  had 
Hegel  not  imported  many  details  from  his  old  friend  Scbelling  into  his 
own  system. 

Jt  is  i>eculiar  that  a  fevr  decades  later,  after  '*I4aturphilosophie"  had 
))assed  its  zenith,  ten  year»  after  tbe  death  of  Begel,  immediately  after 
that  of  King  Frederick  William  111,  an  unexpected  torn  in  affairs 
seemed  to  hold  out  to  "Naturphilosophie"  the  hope  of  filling  the  vacant 
chair  of  philosophy.  Not  long  after  his  accession  to  the  throne  Fred- 
erick William  IV  called  Scbelling  to  Berlin  (1841),  The  largest  lectnre 
halls  were  inadequate  to  hold  tbecrowds,  consisting  partly  of  students, 
partly  of  numerous  representatives  of  atl-sti'ata  of  the  cultured,  eager 
to  bear  from  bia  own  li|>s  the  famous  thinker's  views,  held  almost  equal 
to  a  revelation.  It  soon  becamd  evident  that,  aa  might  have  been 
imagined,  tbe  aging  philosopher  sought  to  cover  up  tbe  weaknesses  of 
his  system  by  all  sorts  of  mystic  additions  and  by  a  correspondingly 
confuiting  phraseology,  but  that  in  thought  he  had  penetrated  neither 
further  nor  dee))er.  The  attempt  to  introduce  "  Natnrphilosophio"  yra» 
soon  abandoned,  and  with  the  author  his  system  vanished  from  Ber- 
lin; its  soil  bad  been  prepared,  but  also  exhausted  by  Hegelianiam. 

A  rapid  survey  of  the  inner  history  of  our  university  reveals  unmis- 
takably that  during  the  whole  time  of  Frederick  William  III  its  devel- 
opment took  place,  if  not  entirely,  certainly  to  all  outward  appearance, 
under  the  standard  of  philosophy.  Yet  this  monarch  was  neither  a 
philosopher  in  the  strict  sense  of  the  word,  nor  an  enthusiastic  admirer 
of  philosophy.  On  this  point  we  have  iulormation  through  hisbiog- 
ra]>her,  the  court  preacher.  Bishop  Eylert,  who  was  in  close  interoonrse 
with  bim  during  those  years.  Biased  by  his  ecclesiastical  position,  he 
may  have  made  his  report  one-sided,  but  there  is  no  reason  for  doubting 
its  truthfulness. 

Eylert  says  of  the  King:  "Philosophy  as  such  be  did  not  care  for; 
be  was  not  gifted  with  taste  in  that  direction.  In  the  history  of  philos- 
ophy, which  at  least  In  its  general  features  was  not  sttauge  to  him,  he 
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foand  iiothtDg  to  iodace  him  to  cultivate  tbe  study.  TLe  successioii  of 
shiftiiig  systems  which  it  describes,  wherein  what  lias  been  hnilt  up  is 
destroyed,  what  has  been  praised  to  the  skies  is  degraded  and  ('ensured, 
and  ideas  rejected  but  now  api)ear  in  new  guises  and  fresh  colore, 
rather  had  the  effect  of  iuatilling  distrust  of  humnu  wisdom  into  liiin." 
Eylert  then  describes  how  the  King  learned  to  love  Kant:  "  But  when," 
the  biographer  goes  on,  "  after  the  death  of  Kaot,  Picbte  raised  a  new 
syBtem,  and  the  divine  homage  paid  to  the  former  was  transferred  to 
the  latter,  who  in  turn  was  put  into  the  shade  by  Schelling,  and  the 
membersof  philosophic dynaelies continued  tobedejwsedandenthroned 
in  rapid  snccessioii  until  Hegel  was  called  to  Berlin,  the  King  became 
disgnsteil.  He  lost  whatever  desire  he  may  have  liad  to  work  his  way 
dirongh  the  labyrinth  of  ideas,  and  ceased  wholly  to  take  interest." 

It  seems,  then,  that  the  King  speedily  arrived  at  the  conclusion 
reached  on  devious  paths  by  the  bulk  of  tlie  cultured,  even  by  tlie 
learned.  It  is  certain  that  with  the  death  of  Hegel  the  university  was 
forever  delivered  from  the  magic  spell  tlirown  over  it  by  philosophical 
systems.  No  philosopher  since  then  has  occupied,  uor  to  be  just  has 
claimed,  an  equally  antboritative  i>osition.  But  as  for  the  conditions 
prevailing  during  the  reign  of  Frederick  William  III  no  epithet  can 
more  comprehensively  describe  them  than  the  expression,  "the  philo- 
sophic age." 

A  term  of  that  kind  is  open  to  misconstructiun.  We  have  since  then 
bad  eminent  philosophers  among  our  teachers,  excellent  men,  litted  to 
explain  to  their  audiences  the  nature  of  pliilosophy,  the  laws  of  thought, 
the  method  of  perceiving  and  judging,  the  course  and  degree  of  intel- 
lectual development,  but  happily  not  one  of  them  has  invented  a 
system  of  philosophy  or  sought  to  introduce  it  into  the  speecli  of  our 
youth  by  the  agency  of  artistically  constructed  phrases.  To  be  sure,  a 
strong  motive  for  studying  philosophy  has  thus  been  removed,  for  many 
minds  are  more  attracted  by  what  is  dark  and  unintelligible  than  by 
what  is  clear  and  perspicuous.  It  is  i>ossible,  too,  that  after  the  study 
of  a  definite  system  of  philosophy  ceased  to  be  the  rule,  the  desire 
to  devote  study  to  philosophy  in  general  was  permanently  impaired. 
Among  ua  teacher.s  it  is  a  recognized  fact  that  tlie  training  of  manyof 
our  students  in  logic  and  dialectics  falls  far  short  of  the  standard  that 
ought  to  be  set  up  for  every  academic  citizen,  indeed  for  every  man  of 
education.  Thereforewe  arc  not  wanting  in  admonitions  to  our  stu- 
dents to  make  up  their  serious  deficiencies  iu  this  direction  by  tlieir 
own  efforts.  It  is  hard  to  establish  since  when  this  lamentable  condi- 
tion has  existed.  The  school  of  "Naturphilosophie,"  which  was  pro- 
ductive of  a  host  of  faulty  methods  and  invalid  conclusions  iu  its  very 
exponents,  was  by  its  nature  ill  fitted  to  discipline  students  to  that 
degree  of  proficiency  in  thinking  which  we  at  present  require.  In  view 
of  De  Wette's  discovery  of  aeontradiction  between  the  logic  of  Aristotle 
and  that  of  Hegel  seventy-seven  years  ago,  consolation  may  be  derived 
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ttom  the  fact  that  this  opposition  rarely  crops  oat  in  the  scholars  of 
to-day.  Id  the  measure  in  which  philosophic  systems  were  pashed 
into  the  haekgrouud,  sober  observation  and  comiuoD  sense  asserted 
themselves. 

King  Frederick  William  III  must  be  classed  among  the  sober-minded. 
It  is  highly  characteristic  of  him  that  his  intimate  biographer  begins 
the  description  of  bis  mental  qualities  by  praising  his  "sound,  nataral, 
common  sense"  as  the  foundation  of  his  personality.  "In  a  rare 
degree,"  he  writes,  "it  (common  sense)  was  peculiar  to  the  King,  so 
that  it  may  be  said  that  his  sound,  natural,  undistorted  good  sense  pre- 
vailed in  all  affairs,  and  always  was  his  helpfal  companion."  There- 
fore he  toved  nature,  and  although  be  had  not  eiyoyed  a  comprehensive 
education  in  the  natural  sciences,  he  was  wont  to  devote  attention  and 
thought  to  the  phenomena  of  nature.  Aud  in  connection  with  this  char- 
acttuistic  his  biographer  distinctly  and  repeatedly  gives  evidence  that 
*'  his  closest  confidant,  the  one  who  uuderstood  and  stimulated  him,  was 
Alexander  von  Humboldt — the  daily  mess  mate,  the  constant  traveling 
companion,  the  intimate  friend  of  our  never-to-be-forgotteu  royal 
master." 

Humboldt  bad  also  bad  a  "  Naturphilosophie"  period.  In  Jena,  in 
1795,  he  devoted  much  time  to  the  problem  then  occupying  all  minds, 
the  half  naturalistic,  half  spirituabstic  being  called  vital  force.  The 
"  Bhodian  genius,"  that  winsome  creation  of  a  naturalist's  fancy,  which 
he  later  abandoned  with  reluctance,  will  always  remain  interesting  as 
a  characteristic  picture  of  the  mental  confusion  from  which  even  the 
best  men  of  the  time  could  not  extricate  themselves.  Curiously,  it  was 
at  that  very  period  that  Hamlmldt,  stimulated  first  by  Girtaner's 
investigation  of  the  principle  of  irritability,  and  later  more  particularly 
by  tbe  discoveries  of  Galvani  and  Yolta,  was  zealously  engaged  with 
bis  famous  experiments  ou  the  growth  of  plants  and  on  tbe  irritation 
of  the  nerve  andmnscle  fiber,  which  demonstrated  his  ability  to  manip- 
idate  the  rigid  methods  of  the  scientist.  It  ia  touching  to  read  in  a 
letter  dated  Jena,  1797 :  "  The  conviction  is  growing  that  these  experi- 
ments may  sometime  or  other  become  the  basis  of  the  art  of  medicine, 
aud  that  I  may  be  founding  anew  science  (vital  chemistry)."  More  aud 
more  be  tnrned  to  the  empirical  observation  of  nature,  and  as  early  as 
1795  he  wrote  to  Blumenbach :  "  Facts  endure  when  philosophic  sbuc- 
tures  hastily  erected  have  long  crumbled.  I  have  always  kept  my  facts 
and  my  theories  apart.  This  way  of  observing  the  phenomena  of  natore 
seems  to  me  most  fruitful  and  thorough." 

Then  came  bis  great  scientific  tour  in  America.  Immediately  on  his 
return,  September  3,  1804,  Humboldt  announced  his  willingness  to 
serve  the  King.  Frederick  William  received  him  with  great  distinctioD, 
and  geueronsly  supplied  him  with  the  means  for  continuing  his  work. 
In  the  capacity  of  companion  to  Prince  William  he  was  sent  to  Paris  in 
ISOS,  where  he  remained  even  after  the  discharge  of  bis  political  mission, 
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nntal  1826,  enjoying  intimate  iotercourse  with  the  first  scientiBts  of  (he 
eeDtaTy.  fiwe  he  completed  not  only  hts  equipment  as  a  BcientiAo 
investigator,  but  also  his  geoeral  philosophic  (levelopmeiit.  Id  1827  be 
took  ap  his  permanent  abode  in  Prussia,  and  then  began  bis  cloae 
relation  to  the  King,  to  whom  he  bei-ame  a  friend  and  counselor.  For 
onr  noiveraity  bis  return  definitely  marked  the  transition  to  tbe  time 
of  tbe  natural  sciences. 

It  were  nnjnst  to  attribute  this  change  to  Humboldt  alone.  Long 
before  his  return,  a  solid  phalanx  of  genuine  scieutista  bad  gathered 
in  Berlin.  The  Academy  of  Sciences  and  the  Collegium  Medico-Chi- 
mrgicum  included  most  efficient  men  among  its  members.  The  latter 
institution  indeed,  even  before  tbe  establi.sbment  of  the  nniveraity, 
was  so  fully  equipped  with  scientific  instructors  and  facilities  for  the 
study  of  the  sciences,  that  it  was  worthy  of  beingrauked  with  a  regular 
medical  faculty.  This  &ct  explains  why  the  medical  facnlty  of  tbe 
newly  organized  university  at  first  bad  tbe  greatest  number  of  students. 
There  were  besides  other  institutions,  each  with  its  corps  of  scholars, 
among  them  the  Botanical  (hardens,  tbe  Observatory,  and  tbe  Library. 

After  all,  these  institutions  were  inade<iaately,  in  f^-t  meanly,  fitted 
oat,  and  it  required  tbe  benevolence  of  the  King  and  the  enduring 
interest  of  the  ministers  to  develop  and  |>erfect  them  so  as  to  make 
tbem  accord  with  modern  views  and  enable  them  to  bear  comparison  with 
tiiose  of  other  States.  Xew  positions,  new  opportunities  for  work,  bad 
to  be  created,  and  Alexander  von  Humboldt  was  ever  ready  to  give 
help  in  that  respect.  He  may  be  considered  tbe  guardian  angel  of 
the  natural  sciences  in  tbe  time  of  Frederick  William  III,  and  even  after 
his  death.  His  extensive  culture,  vast  memory,  and  numerous  con- 
nections enabled  him  to  understand  persons  and  things  thoroughly  and 
judge  them  without  bias,  while  his  unprejudiced,  upright  character 
guaranteed  the  impartial  useof  hia  inflneiice,  no  matter  to  what  calling, 
what  nation,  or  creed  his  prot^g^  might  belong.  Humboldt  was  the 
confidant  not  only  of  tbe  scientist,  but  of  every  scholar,  tbongh  tbe 
former  was  naturally  most  strongly  attra<:ted  to  him. 

So  it  hapiiened  that  as  early  as  1828  we  find  him  presiding  over  the 
association  of  German  scientists  and  physicians,  which  at  that  time,  a 
few  years  after  its  formation,  held  its  first  meeting  in  Berlin.  If  this 
association,  which  brought  together  tbe  representatives  of  all  depart- 
ments of  the  natural  sciences  for  i>ersonal  acquaintance  and  the  inter- 
change of  ideas,  came  to  exert  great  and  lasting  iiiSuence  upon  tbe 
development  of  scientific  culture  in  Germany,  then  it  owes  this  position 
not  a  little  to  the  i)ersou:il  interest  of  Humboldt.  With  tbe  Berlin 
meeting  began  tbe  heightened  activity  which  has  made  tbe  AssociatioD 
of  Scientists  the  most  popular  and  most  numerously  attended  of  all  the 
associations  without  a  fixed  seat.  The  attendance  of  the  foremost 
scholars,  even  from  foreign  countries,  invested  its  proceedings  with 
decisire  authority  ja  the  dissemiuutiou  of  improved  methods,  in  pro- 
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wuAiuii  tbf  ^leunTA]  k^Mcaul  tit  nev  dueoTeries,  and  especially  in  o»m- 
peJJjoii:  iIm-  ''ht#eui  <if  G0\«nmetit  eireleR.  Tlie  arctunstanc?  that 
y'Tt*\>eru:k  WiJliaB  lU  himself  a(tiieu«d  at  a  Mxial  reanimi  of  the 
iiei«titi''t«  wsu  au  erideiMX  ttf  tdlin^  mceess. 

HuuilMldt  WAK  at  that  |>eriad  burily  nt^og  tlte  erection  of  a  new 
tftnuT^  ator>'  at  Berliu.  The  old  tower  in  ItorotbeenRtrasBe.  whit-h  bad 
long  ><<:rvMl  lor  aKtronomical  obMertatioDS,  was  inadequate  for  the 
wi)»Uei  pruhleiDK  of  eeienee,  now  that  astrooomy  had  alms  beyond  the 
u'fuiputatioD  of  tb«  calendar.  Frederick  William  m,  who  had  had  the 
new  ol»H«rvatory  at  KiruJgHberg  bnilt  id  days  of  moet  fnievous  distress, 
and  liiwi  Iteeii  made  coguizant  by  Bessel  of  the  importance  of  the  celee- 
ti»l  Hcifnce,  yielded  to  the  wliKitations  of  his  experienced  counselor. 
He  granted  fandH  for  more  |>erfect  iustmmentB,  and  soon  afterwards  for 
the  building  of  the  new  observatory. 

Tliix  graitt  inaagarated  the  new  period  of  royal  activity,  which  since 
then  haH  made  addition  after  addition  to  the  scientific  institates  at  the 
ca|iitul.  HotntHMHtitutioiisofthekiiid  had  existed  before.  The  need  of 
a  t>etter  corpH  for  the  medical  care  of  soldiers  had  led  to  the  establish- 
tiH'ht  of  an  anatomical  amphitheater  in  1713;  the  Academy  of  Sciences 
liiid  fitted  lip  a  chemical  laboratory  in  ibi  house  on  Dorotheenstrasse 
uihIit  I-'imlerlck  the  Great;  the  flower  and  vegetable  gardens  laid  out 
in  Diilc-li  fasliion  by  the(>r«at  Electorhadgradually  developed  into  the 
llolaiiii-iil  (iardenn,  so  meanly  furnished,  to  bo  sure,  that  Frederick 
Willliiiii  111  liiul  to  be  at  great  expense  to  remodel  them  completely  in 
|K(M. 

On  i»ll  niileit  tlicconviction  was  evidently  taking  root  that  the  natnral 
Hri(>ii<>(<»  can  be  understood  only  by  the  observation  of  nature  herself, 
iind  thai  tli»  elTiHrtive  (tombiuation  of  science  and  tangible  objects 
n>i|nii-(<(i  provisions  on  a  large  scale,  such  as  can  be  afforded  by  mnseums, 
colli>t'liniiM,li)ltorHlorit's,inRtitut«s.  This  conviction  became  particularly 
Mli'ongulH'H  it.  was  i'caUKe«l  that  experimentation  is  the  most  important 
niotiiis  of  loiriiig  nature  to  reveal  tlie  essence,  causes,  and  development 
t>r  a  phtniomenon.  Fnim  the  closet  of  the  philosophers  no  valid  expla- 
iiDlinii  of  \\w  furls  of  nature  had  proceeded.  Since  belief  in  magic 
litrituiliin  nnv\  ivcd  only  in  the  lowest  strata  of  the  people,  the  formulas 
lit'  'Miiiiuiv  philosoplicn^"  found  as  little  confldeooe. 

Kn<i)t>i'ii>k  William  111  and  his  ministers,  to  a  great  ext«nt  fromfinan- 
v\a\  n'<t-'«m!t,<t*ntiiietl  their  assistance  in  the  transformation  of  scteutific 
tiiMitnltvs  to  iudtxidual  casra  and  to  the  sporadic  betterment  of  the 
w  i\i  !•!  itlMtM^  A  dettuite  attitude,  assumeil  under  the  gnidauce  of  fixed 
pt  ii)<'i)iltv^  wit.t  never  reached.  AlMt,  Frederick  William  TV  gave  more 
ailvtilhtn  lo  tUt«  art  a«-«demiee  than  to  the  scientific  institutions,  and  it 
\t  it^  tvniv  a  t-))i*iM  <>t  Ixtrtunatv  circamstwices  that  brought  about  in  18.W. 
ilio  l,iiii>i')vtitof  hisrvi^n.  theereetiooof  the  new  Pathologic  Institote. 
IW  ti:M  o1  lis  t.iitdiu  thewttrid. 

I  Ht  Vi^^i  tl  » .4s  im  hm^  bvhuT  sunilar  instilutioiis  for  otber  braocbee 
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were  founded,  moat  of  them  on  a  much  more  ma^ificettt  scale.  Uoder 
Emperor  William  aroeo  the  palaces  of  the  Physiologic  and  the  Physical 
Institate;  the  Chemical  Institnte  was  completely  remodeled  and  an 
additional  baildlug  erected,  together  with  a  pharmaceutical  institnte; 
then  followed  two  anatomical  institates,  the  great  MuKenm  of  Natural 
Bistory,  with  the  Zoologic  Institnte,  the  Hj'gienic  Institntu — in  short 
ill  tlie  course  of  a  few  decades  so  large  a  nnmber  of  buildings  was 
ervct<^l  that  at  present  not  oneof  the  exiterimental  sciences  is  left  with- 
out a  home  of  its  own  in  Berlin,  or  without  the  instrameiits  necessary 
for  Kuccessfnl  research.  Xor  have  the  institotions  for  the  sick  been 
neglfH-ted,  the  less  so  as  the  municipal  aatborities,  in  praiseworthy 
violation  of  the  example  set  by  the  OoTemment,  have  erected  hospitals, 
each  with  more  perfect  appointments  than  the  last. 

"Thns,"  to  cite  the  expreAsion  used  by  one  of  the  most  famous  expo- 
nents of  physical  science,  onr  recently  departed  friend,  Siemens,  at  the 
second  Berlin  meeting  of  the  Association  of  Scientists,  "we  have 
stepped  iuto  the  age  of  the  natural  sciences."  Nowadays  the  scholar  is 
called  upon  to  be  an  investigator,  an<l  the  demands  made  ui>oii  instrue- 
tiou  have  increased  to  so  great  an  extent  that  tlie  ai-udemic  course  of 
stadies  is  arranged  with  a  view  not  only  of  initiating  the  student  into 
the  methods  of  investigation,  but  also  of  affonlinghim  the  opportunity 
of  practicing  them.  There  is  no  longer  need  to  prove  the  u.sefubiess  of 
this  sort  of  science.  Every  member  of  the  nation  i.-^  aware  of  the  profit 
that  accrues  to  the  State  and  to  society  from  the  new  institntions. 
Bacon's  old  dictum,  scientiaest  potentia,  has  bofrome  truth. 

Surely  the  retrospect  ni>ou  the  career  of  oar  university,  viewed  from 
tlie  height  of  its  present  stage  of  development,  is  elevating — we  may 
tell  ourselves  that  eighty  years  have  sufficed  to  pro<lu<-e  a  complete 
revolution  in  science  and  instruction.  lie  who  has  contributed  even  a 
mit*'  to  this  consummation  may  look  back  upon  his  work  with  deep  satis- 
fiiction.  But  it  were  folly  to  believe  that  we  have  nothing  more  to 
investigate,  that  we  are  proof  against  new  dangers.  Not  even  the 
old  ones  are  entirely  removed.  Perhaps  the  so  called  exact  natural 
sciences,  pbysics  and  chemistry,  will  enjoy  immunity  for  ;i  long  time  to 
come,  inasmuch  as  in  them  we  have  reached  a  iierceptiou  of  the  unity 
of  the  forces  of  nature,  instead  of  regarding  them  as  separate  agencies. 
Bnt  that  great  host  of  sciences  whose  essential  theme  is  life  and  its 
mysteries — biology  in  all  its  ramificittions — is  by  no  niciins  unassail- 
able, and  it  is  precisely  in  this  quarter  that  mysticism  has  always  made 
its  most  redoubtable  encroachments. 

It  took  long  for  life,  as  such,  to  bo  recognized  in  the  light  of  a  study. 
The  beginning  of  its  rational  observation  arose  Tiot  more  than  two  linn- 
dred  years  ago,  and  of  these  two  centuries  more  than  three  quarters 
were  used  up  in  refuting  the  doctrine  of  vital  force  as  a  peculiar  Svvanis 
of  a  more  or  less  spiritual  nature.  Only  since  we  know  that  life  means 
cell  activity,  and  since  we  can  see  the  living  being  in  the  cell  »nd  force 
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«f  -;!»»  uaMK  auiui  a  jaitvocd  37  ;te  pmwf  that  TBtil  actiTTtj  is 
oaaccSerf  w-xa  aarre  wJwtawc*.  An4  a»  toB^  aa  tkcae  are  opem  qaee- 
^M«H>. «  MOf  'Jit  cis^f  af«  3>.rC  fiostA  t»  ■jiliiiiiM 

Wri.  n^Kri  >>  ^^  Kar.  atxo.:^  »  matt,  imsamsin:  thaa  tke  p«K 
eMtLi:,!!!  ■•(  '.an  m^Lr^  i^imlzT.  smrt  1^1^  «■  tke  cttabfiska^t  of  a 
pn<'>>»H-.r>a.3  '-Y  a3.3u;  ^a^sccbsc  Vhaa  a  1  iiiiiih  1  ilili  Bnaber  of 
pcc^-iiiMwr^  Uitfur  'ii«ai  wc-^bie  pcjwxaB&.  eatzcated  the  appoiBtamit 
■ti  a  prr-.d^ntix  -if  '.^^  -TanfiL.  U«  Eiaister  of  state.  Voa  Sc^mrkataim, 
«^  'ii:^:.  •^-cTi>n-<m  '^'i-o^k  t:  Bl^bE  be  to  afaaorb  wiadna  during: 
tit*^,  i*  foal*i  BeT4r  Aic.icc;  to  tite  eAjJovBCBt  of  a  »*atei  (rf  tbe  art, 
b«caa.*«  Z.J*  o.-^c^o  Miue  ua^r  kia  to  cowwder  it  jag^rrj.  Tbe 
mtAxai  t^nrCj  acd  *!:«  d^-poitnen:  of  Bedione  vere  also  omnaed 
twr^:o>.  A  fe-v  fttars  L>:»r  th«  tLuteelkic.  Ton  Hardoiberg.  expceaaed 
tbe  cj'zvct  vi-^  u>  adi«i:«e  Wol&rt  and  KoieK  the  chief  reiKcsemta- 
tiT«.''  of  acizai  siAfs«a.-$3i.  aod  rmitmilj  eoongfa  WilhdB  tod  HaB- 
brx-it  .•»*^>:^-:^  :£.«prof^>-i:i<>a.  So  it  happened  that  by  a  royal  cabinet 
Older  th«  rwo  e^a  «€re  made  profesaocs.    Ibis  vas  in  1810  atid  ISIT. 

la  KP'fre  ree^ct  tioi^  aoiakil  aa^nrtisa  has  been  replaced  by  ^ririt- 
L«^  si>i  at  present  hvpai>d3B  is  Baking  tranendoas  exertions  to  dis- 
lodzc  ii  and  rr-^  to  the  raok  erf"  a  recognized  science.  It  is  a  conflict  like 
that  w-::h  boi&«<^patfay.  Will  setence  svcceed  in  varding  off  the  danger, 
aod  win  tbe  Government  remain  strong  "v»pgh  to  keep  the  paths  of 
•cieD<«  free  from  oJ»<tnifti*.naf 

Oor  time,  so  Hire  of  itJ!«lf  aod  of  lictoiy  by  reason  cS  its  scimtific 
onscioasbe^.  is  ;ws  apt  as  fonnv  ages  to  nnderestitnate  tbe  strength 
ol  the  myotic  impolses  with  which  the  sool  of  fhe  nation  is  infected  by 
single  adventarera.  Even  now  it  is  standing  baffled  before  the  enigma 
of  antJ-Semitisin.  whose  appeuance  in  thisttmeof  the  eqoality  of  rights 
is  inexplicable  to  everybody,  yet  which,  in  spite  of  its  mysterioosness, 
or  perhaps  on  account  of  it.  fascinates  ev£n  onr  cnltnred  yonth.  Up  to 
tbe  present  moment  tbe  demand  for  a  professorship  of  anti-SemitiBm 
has  not  made  itj^lf  heard;  but  rumor  faasit  that  there areanti-Semitic 
professors.  He  who  knows  the  "  NatDrpbilosopbie"  in  all  its  minote 
branchings  is  not  astonished  at  such  phenomena.  The  haman  mind  is 
only  too  prone  to  leave  the  diffienlt  path  of  well-ordered  thinking  and 
to  iudnlge  io  lancifiil  musing.  Soch  aberrations  can  be  conntnracted, 
to  speak  with  Schnckmann,  only  by  sound  common  sense;  and  be  who 
has  tost  good  sen.se  through  a  perverted  education  can  rescne  himself 
only  by  rigorous  empiric  work.  There  is  nothing  for  it  but  to  learn 
and  get  accustomed  to  explain  the  unknown  from  tbe  vantage  groand 
of  the  known,  instead  of  choosing  as  the  premise  for  fantastic  dednc- 
tions  the  dark  and  the  unknown,  as  though  they  were  new  truths.    The 
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natural  sciences  owe  their  triumphant  career  to  their  loyal  clin^ng  to 
wtnal  knowledge,  wfaence  they  pierced  the  darkness  of  anexplored 
regions.  Tbe  first  aim  always  was  to  search  out  the  old  law  in  new 
phenomena  and  so  link  them  with  the  old  ones,  Ue  who  hopes  to  find 
a  new  law  in  every  exception  is  no  better  off  thau  he  who  sees  a  miracle 
in  every  exception. 

And,  as  In  the  tutellectual  world,  so  it  is  in  the  moral  world.  Tbe 
impolse  to  do  the  good  and  act  uprightly  rests  uiton  the  inner  satisfac- 
tion experienced  when  we  perfomi  an  action  in  accord  with  human 
nature,  reason,  and  tbe  reciprocal  duties  of  men.  Tbe  satisflsction 
becomes  tbe  greater  if  in  its  performance  we  ofi'er  resistance  to  the 
suggestions  of  passion,  ])erBonal  interest,  or  worldly  advantage.  la  a 
positive  creed  or  a  compelling  obligation  necessary  for  thisi  Is  there 
not  a  moral  law  proceeding  from  our  inner  natare  which  urges  ns  to  be 
trneand  to  act  nobly  without  human  statutel  Was  Kant's  categorical 
unp^ative  naught  but  a  philosophic  formula!  To  be  sure,  there  is  a 
moral  edacadon  which  teaches  and  strengthens  tbe  habit  of  acting 
justly  and  avoiding  wrong — true  morality — but  in  point  of  fact  do 
education  can  create  tbe  moral  impulse  where  it  does  not  exist.  There- 
fore oar  academic  discipline  leaves  to  stadents  a  certain  measure  of 
personal  liberty,  which  their  feeling  of  responsibility  grants  them  with- 
out restriction,  and  which  permits  them  to  develop  independently, 
KGording  to  the  bent  of  their  miiida.  Tbey  are  not  bound  down  to 
certain  religious  ceremonies;  they  are  given  no  ethical  code  created 
apecially  for  them.  What  we  ex[>ect  and  demand  of  them  now,  as  in 
former  days,  is  the  free  development  of  a  selfcentercd,  honest,  wholly 
fine  personality.  May  this  aim  be  anpired  to  by  all  that  come  to  us; 
may  it  be  reached  by  a  goodly  number!  Then  will  tbe  bo[>e  wherewith 
King  Frederick  William  III  founded  and  cherished  this  university  be 
fDlfiUed. 
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By  M.  LOBWY, 

FrMidait  «/  tlie  Firtnck  Aeadfrni/  of  Scitneet  and  Prrtiitnl  of  the  Ititlilule. 


GBNTLBlfEN:  It  !»  Oil  tlie  eve  of  an  anniversury  that  tli«  mind 
seems  to  me  best  disposed  to  yie)d  to  tltosc  refletttions  wbicb  c^ve^y 
great  commemoration  uaturally  uvokea  in  ua.  Ou  the  day  of  tlie  uele- 
bratioii  itself,  we  are  apt  to  be  overcome  by  tbe  brilliancy  of  the  solemn 
occasionand  the  enthusiasm  of  tlie  moment.  Since,  then, onstombidsme 
celebrate  by  a  direct  address  to  its  members  tbe  foundation  of  the  Insti- 
tnte,  which  will  next  year  attain  its  completetl  century,  this  seems  to  me 
a  fit  occasion  toconsidernotwhat  has  so  often  been  admired  iu  yon — the 
pietnrenqne  variety,  if  I  may  venture  to  call  it  so,of  the  talents  which  com- 
pose each  one  of  tbe  ncademies  and  their  totality — but  rather  tlie  close 
anion  which  binds  into  one  great  whole  all  tbe  works  of  the  mind,  for  in 
this  solidarity  I  see  the  true  reason  for  the  existence  of  your  society ;  this 
is  its  true  principle,  this  is  itstrne  life.  Such  was  also,  as  you  well  know, 
tbe  feeling  of  tbe  cooventioii  when  it  converted  our  previously  isolated 
classes  intA  one  great  whole.  This  creation  realised  the  idea  that  the 
men  of  that  period  had  formed  of  tbe  human  mind  in  its  rich  unity. 
It  also  realized  tbe  dream  of  a  model  republic,  in  which  the  autonomy 
of  admission  and  the  perfect  liberty  of  individual  efforts,  so  far  from 
impeding  rather  secure  that  barnionious  concert  of  action  where  even 
tradition  results  in  progress.  On  that  day  wjvs  born  the  "living  ency- 
clopedia," which  so  justly  deserves  its  name.  Like  the  other  written 
vork,  it  was  fit  that  this  also  should  see  tbe  light  on  Freiicli  soil,  and  if 
such  an  example  is  unique  in  tlie  world's  history,  it  will  create  no  sur- 
prise to  see  that  it  is  set  by  France,  the  home  of  lilieral  initiative,  the 
land  in  which  even  the  language  Aeenis  to  be  the  olfsprtng  of  good 
sense.  Time  has  shown  that  this  bold  foresight,  one  of  the  last  susts  of 
tbeeighteenth  century,  was  by  no  means  Utopian.  The  jMtwerfuI  vitality 
of  the  institute  is  the  strongest  argument  in  favor  of  a  brotherhood  in 
tbe  ideal  of  sciences,  arts,  and  letters.  As  tbe  part  it  plays  in  the  moral 
and  intellectual  development  of  the  nation  is  coutinually  bet^oming 

'AddreM  ftt  the  annnal  pnblic  meetiug  <if  tbe  live  aoademiaa.  Traoslated  bam 
BaTDe  Sclentifiqne,  4tb  mtIm,  Vol.  11,  NoTember  3,  ltt94. 
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.  ctiM  imeeauiat  manitf  bean  eridmce  to  the  high 
k  h  CBJAV4  IkxQockovt  the  eiTilized  vorid. 

XflC  onlf  the  hifcory  of  the  iudtnte.  bat  also  oar  peraraia]  expoi- 
tmtx  aad  earefal  redertioa.  teach  as  erery  day  the  adi'antages  of  oat 
tile  n  I  iiMMiiii  Howerer  diflcrait  the  tasks  may  be  which  the  firg 
acadenes  rrmaifirr  their  #penal  fjonetioas,  the  supreme  aim  of  all  yovr 
cArtrt  re»aiBi  &e  iiwi  Tm  seek  fiir  troth  in  all  Its  aspects,  for  th« 
beantifdl  IB  an  it.4  teas;  yoa  strive  to  in^re  man  vith  a  clearer  con- 
aooamcai  of  hif  ability  to  improre.  In  order  to  attain  this  end,  we 
aO  aad  ererywhere  eaploy  the  itaae  meaits;  the  mdbods  we  employ 
an  hare  but  one  and  the  saake  principle — to  observe  and  to  analfEe  all 
the  bets  in  natnre  and  to  combine  them  apoa  a  basis  of  the  DDubange- 
able  mies  of  rearton.  The  arts  appeal  perhaps  to  a  h^ic  somewhat  less 
■rvere.  bat  by  do  meaiu  lea-t  rifjoroos,  than  that  employed  for  algebra. 

The  beaatifilL  the  ideal  representatire  of  tratb,  can  not  perish  any 
nore  than  the  latter;  hence  it  is  subject  to  laws  that  are  as  much  above 
discosBioa  as  thoee  which  govern  science.  The  plan  for  a  masterpiece 
of  arehitectnre.  the  compoution  of  a  beaatifal  symphony,  may  be  ana- 
lyzed with  nearly  as  much  precision  as  a  geometrical  problem. 

The  sdoiceB,  for  their  part,  never  begin  and  never  progress  withont, 
as  Bacmi  says,  bringing  man  and  nature  nearer  to  each  other;  the  sys- 
tem of  the  world  in  its  scientiflc  aspect  is  probably  the  most  beautiful 
of  all  works  of  art.  While  science  and  art  define  the  just  limits  of  oar 
powerK,  they  also  make  as  better  aware  of  their  extent  and  their  bound- 
iuy  linea.  Both  of  them  finally,  with  aU  their  kindred — literatare,  his- 
t4>ry,  philosophy — teach  man  the  same  lesson  of  hard  work,  in  wbich  he 
is  sustained  by  bis  faith  in  the  ideal,  and  fill  him  with  the  conscioasnefis 
of  the  lofty  mission  intrusted  to  bia  mind. 

In  proportion  as  progreas  is  secured  and  accomolates  in  the  vaHt 
domiuu  of  hnman  activity,  the  identity  of  the  ends  pursued  and  the 
inevitable  connection  between  the  efforts  made  to  reach  them  become 
daily  more  marked;  the  study  of  the  great  problems  of  nature  and  of 
life  help  us  to  comprehend  better  the  marvelous  harmony  that  mies  all 
creation;  in  the  boaudless  space  that  surrounds  us,  all  created  bodies, 
from  the  most  minnt«  atom  to  tbe  grandest  of  all  constellations,  influ- 
ence one  another  in  some  way,  and  their  reciprocal  action  is  subject  to 
eternal  laws;  all  natural  forces  are  preserved,  binding  tbe  iullnitely 
small  and  the  infinitely  great  to  each  other;  new  worlds  arise,  others 
pass  away,  and  from  one  evolution  to  another  the  universe  advances  in 
perfect  order  toward  a  mysterious  destiny,  and  we  are  more  and  more 
struck  by  the  admirable  rclatiuus  which  all  parts  of  this  infinitely 
complex  creation  entertain  to  each  other. 

At  every  inntant  some  close,  unthonght  of,  connection  between 
the  most  varied  branches  of  sciencte  and  art  is  brought  to  light. 
Who  could  have  thought  fifty  years  ago  of  tbe  remarkably  fruit 
ftil  iuterveution  of  physics  and  chemistry  in  astronomy,  a  science 


uy  Google 


THE   INSTITOTE   OF    FRANCE   IN   MM.  699 

vhich  up  to  that  time  seemed  to  be  of  a  porely  mathematical  natoreT 
''Hio  coold  bare  imagined  tbat  astrononen  were  to  And  in  pttotogr^ifaf 
and  spectroscopy  their  most  powerfiil  means  of  investigatioD}  that 
by  an^yziog  with  tbeir  aid  the  lomiDous  rays,  the  only  moaseDgefs 
tbrongh  whom  we  are  in  direct  commaoicatioD  with  the  stars,  we 
coold  arrive  at  positive  conclasioDS  in  regard  to  the  physical  oonditioD 
of  the  celestial  bodies,  the  distance  which  separates  them  from  ns, 
tbeir  rotation,  their  nascent  state,  the  present  period  of  their  stellar 
Hre,  and  their  wanel  What  a  triumph  for  uatoral  pbilosophy  to  be 
able  to  assert  that  the  innumerable  bodies  iu  the  canopy  of  heaven  ooo- 
Uin  the  same  material  elements  as  our  globe! 

Id  ascertaining  the  truly  marvelons  fact  that  a  single  lominoos  wave 
sprang  from  a  star  is  enough  to  convey  such  intimate  aod  varied 
knowledge,  we  can  not  help  being  seized  with  profoond  admiration  for 
the  sablime  arrangement  which  holds  and  unites  all  things  together  in 
a  perfiect  and  inseparable  whole.  And  this  commnnication,  no  less  sur- 
prising than  accurate,  which  modern  science  has  succeeded  in  estab- 
Imhing  with  the  most  remote  of  the  heavenly  worlds,  inspires  as  witfa 
eraifidence  in  the  constantly  progressive  advance  of  hnman  intellectaal 
power. 

Unforeseen  prospects  are  again  spread  out  before  ns.  We  may  already 
dimly  perceive  the  solution  of  the  momentoas  problems  relative  to  the 
medium  and  to  the  mode  of  transmission  of  physical  forces.  It  may  also 
be  that  we  are  nearer  than  we  think  to  acquiring  precise  notions  of 
that  primordial  substance  from  which  come  all  those  elwnentary  bodies 
that  constitute  the  material  Universe. 

We  are  thus  led  to  the  extreme  boundaries  of  the  knowable,  to  the 
threshold  of  the  great  mysteries  which  it  seems  human  curiosity  will 
never  be  allowed  to  penetrate.  As  was  said  by  one  of  the  greatest  think- 
ers that  have  honored  our  company,  Ernest  Renan,  "  it  is  here  that  our 
reason  collapses;  that  all  science  stands  still;  that  analogy  is  dumb. 
The  antinomies  of  Kant,  an  inanperable  barrier,  loom  before  as." 

This  enigmatic  anity  of  origin  of  all  the  substances  that  &11  space 
voald  at  once  explain  tiie  connection  shown  by  study  to  exist  among 
the  phenomena  that  seem  to  be-  most  independent,  and  the  inevitable 
concatenation  of  all  the  sciences  whose  subject  is  nature. 

Bat  instances  of  so  deep  an  interpenetration  are  not  fonnd  in  the 
physical  sciences  alone.  The  close  relations  to  one  another  of  all  the 
operations  of  the  mind  become  every  day  more  apparent  and  numerous. 
Ab  we  now  know,  the  necessary  preparation  for  successful  application 
to  historical  and  archaeological  studies  comprise  a  knowledge  of  the  cli- 
mate, of  the  structure,  and  succes-sive  evolutions  of  the  soil  on  which 
the  linman  races  have  developed,  and  all  the  traces  that  these  races 
have  left  bebind  on  their  panaage  must  be  rigidly  investigated. 

The  necessity  of  universal  knowledge  asserts  itself  on  every  occasliHi. 
It  was  again  evidenced  in  one  of  our  quarterly  meetings,  when  one  oi 
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ODT  colleagnes  laid  before  ns,  witb  admirable  clearness,  his  manifold 
investigatioDs  of  a  curious  question  in  history. 

This,  then,  is  the  time  when,  more  than  ever  before,  ve  must  yield 
to  the  exigency  of  parti cij)ating  in  the  general  productions  of  inteilev- 
tnal  activity,  to  the  need  of  universal  cultivation  of  the  mind. 

But,  ou  the  otherhand.theinevitable  effect  of  this  condition  of  things 
is  that  at  no  time  was  so  desirable  a  reqairement  so  difflcalt  to  fill. 
We  are  no  longer  living  in  a  period  when  eminent  minds  might  believe 
it  possible  to  embrace  the  whole  of  human  knowledge.  Neither  do  I  go 
so  far  back  as  the  century  in  which  Leonardo  da  Viuci  was  at  once  the 
representative  of  poetry,  fine  arts,  mathematical  and  natural  sciences. 
I  merely  refer  to  the  times  of  Cuvier,  of  Arago,  and  of  Humboldt,  when 
a  poet  could,  without  being  charged  with  temerity,  have  pretensions  to 
scientific  attainments  and  even  make  a  lasting  record,  as  Goethe  did, 
iu  natural  history. 

At  the  present  time  the  repeated  and  prodigious  conquests  of  science 
and  the  general  advance  of  ideas  have  imposed  entirely  novel  condi- 
tions of  labor  ou  the  human  mind. 

The  grandeur,  variety,  and  number  of  the  discoveries  that  have  been 
achieved  in  the  latter  lialf  of  this  century  suggest  the  statement  that 
it  offsets  all  that  waa  done  in  preceding  ages. 

Innumerable  ways  are  now  laid  open  before  intellectoal  activity.  On 
the  one  hand  it  will  henceforth  be  impossible  to  ascribe  any  limits  to 
the  fields  of  investigation  iu  the  sciences  of  the  past,  and  ou  the  other 
hand  we  are  now  supplied  with  methods  of  wonderful  accnracy  aud 
power  for  observiug  an<l  analyzing  the  most  impressive  phenomena  as 
well  as  the  most  minute  manifestations  of  nature,  whose  secrets  we  are 
thus  more  and  more  enabled  to  penetrate. 

But  each  discovery  evokes  further  and  manifold  revelations,  aud  indi- 
vidual investigators  are  overwhelmed  in  the  presence  of  new  horizons 
that  spread  out  before  them.  However  extensive  the  faculties  may  be, 
tlie  efforts  must  be  confined  and  action  concentrated  on  a  limited  field  of 
study,  as  are  those  of  the  plowman  working  a  fertile  fallow  land  of  vast 
expanse. 

How  many  of  the  scientific  men  of  our  day  could  fairly  assert  that 
tliey  have  been  able  to  master  in  all  its  recesses  the  science  that  they 
pursue ! 

We  are  then  confronted  by  a  condition  which  is  apparently  bound  to 
grow  unavoidably  worse  aud  seriously  to  hamper  the  soaring  of  human 
exertion. 

Should  we  conclude,  as  some  interpreters  of  Buffon's  saying  have 
done,  that  genius  in  the  future  will  be  nothing  else  than  long  patiencef 
We  do  not  behove  it. 

Our  common  life  helps  us  out  of  the  dilemma,  as  far  as  it  is  possible. 
It  enables  us  to  acquaint  ourselves  at  once  with  all  new  attainments 
aud  to  turn  them  to  advantage.     It  draws  every  uiod  out  of  the  par- 
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ticolar  Sphere  within  vbich  it  woald  be  prone  to  confine  itself,  and  in  an 
enlarged  exitanseit  affords  glimpses  over  the  whole  domain  of  thonght. 

It  is  this  common  life,  in  whieh  each  of  us  aims  at  borrowing  from 
hilt  neighbor  his  commendable  qnalities,  that  made  us  fon<l  of  espress- 
iDsoarselves  with  clearness  and  logic;  this  is  one  of  the  cansesof  our 
originality,  and  may  have  been  noticed  not  only  among  writers  but  also 
among  scientific  men. 

>'or  is  this  all:  There  is  a  consensas  of  opinion  that  great  discoveriee 
or  lofty  conceptions  are  stamped  with  a  reflective  IorIc,  which  keepe 
unagioation  within  bounds,  protects  the  scientific  man  from  wild 
hypotheses,  the  artist  and  writer  from  falw  principles  and  errors  of 
taste.  This  character  of  high  impersonality,  of  prudent  wisdom,  whose 
disregard  is  one  of  the  failings  of  our  contemporaries,  is  found  to  exist 
in  your  assembly  in  a  couspicuons  degree,  for  yours  is  in  that  respect  a 
privileged  assembly. 

Indeed  all  these  investigations  conducted  by  yon  in  every  direction 
aiid  hy  every  method  must  be  harmonious,  since  they  are  the  result  of 
the  same  eflorts,  converge  towani  the  tiame  goal,  and  exi>reRs  the  whole 
of  human  thought.  By  this  constant  collaboration  you  are  the  most 
vivid  light  of  intellectual  life.  By  its  pnre  and  brilliant  rays  yon  see 
tbeciosc  solidarity  of  yonremlcavors;  yon  constantly  have  before  yonr 
e;es  the  ideal  plan  under  which  they  are  united  and  utilize<l  foV  the 
better  advantage  of  the  work  in  which  all  the  ages  of  Lmnanity  have 
participated — the  progress  of  civilization.  You  obtain  a  better  grasp 
of  its  main  lines,  yon  make  more  steady  progress  in  the  discover)'  of 
truth,  and,  with  the  assistance  of  nil  the  noble  ((ualities  inherent  in 
national  characteristics,  you  climb  with  a  firm  step  the  luminous  heights 
toward  which  we  are  driven  by  our  destiny  on  earth. 

In  fine,  whileit  can  not  be  gainsaid  that  so  great  a  number  of  wonder- 
ful results,  of  Ixild  doctrines,  of  subliine  concejitions.  has  stirred  to  its 
very  depth  the  mind  of  our  age,  and  has  inipartetl  to  the  spirit  of  criti- 
cism a  disquieting  acuteness,  this  is  the  plai'c  where  vrc  are  to  look  for 
a  brake  and  a  regntator  t^)  apply  to  the  wiunlerings  of  mysticism  and 
skepticism,  of  which  the  one  gives  all  up  to  rash  imagination  and  the 
other  brings  all  under  barren  animadversion. 

You  will  preserve  for  the  most  ideal  manifestations  of  the  mind,  for 
art  and  for  literature,  the  glorious  traditions  of  the  past. 

Yen  will  push  aside  those  morbid  productions,  those  arbitrary  specu- 
lations that  do  not  rest  on  the  tnie  reality  of  nature  and  of  moral  life, 
and  which,  instead  of  touching  the  soul  with  the  spark  of  enthusiasm, 
pervade  it  with  delusive  bitterness. 

it  shall  always  be  your  pride  that  ])rofoand  good  sense,  superior 
loftjc,  which  confer  on  our  country  its  first  title  to  glory  in  the  history 
of  civilization,  can  be  said  to  be  a  sacred  trust  over  which  the  Institute 
of  France  watches  with  pious  care. 

In  the  coorae  of  this  plenary  sitting,  a  symbol  of  the  effective  uoioD 
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vhicli  now  binds  all  the  academies  iD  common  aspirations,  onr  thonghts 
naturally  revert  to  those  whose  death  has  left  among  us  recent  and 
lamented  vacancies.  It  is  oar  reverent  duty,  and  it  flUsonr  heart  witli 
inward  satisfaction,  to  give  them  a  heartfelt  remembrance  by  recalling 
in  a  few  words  the  works  and  the  accomplishments  of  our  late  col- 
lei^nes  whom  death,  alas,  has  taken  from  us  in  the  coarse  of  the  year. 
The  Academy  of  Sciences  has  suffered  most.  The  list  of  oar  losses 
is  headed  by  a  member  of  the  section  of  rural  economy,  M.  Cham- 
brelent.  Our  lamented  colleague,  whose  zealous  activity  contiuoed  to 
the  last  hour  of  his  life,  combined  the  highest  knowledge  of  engineer- 
ing with  all  the  qoalities  of  these  daring  pioneers  of  civilization,  who 
undertake  a  struggle  with  the  forces  of  nature  and  ofteu  discover  in 
those  blind  and  apparently  dreadful  agents  ft^sfa  elements  of  fertility 
for  the  soil  and  of  comfort  for  the  people.  A  great  part  of  his  life  was 
devoted  to  works  of  that  kind,  such  as  the  erection  of  protecting  dams 
in  the  Oamargne,  so  frequently  laid  waste  by  the  waves  of  the  sea,  the 
removal  of  torrents  in  the  Alps,  the  protection  of  forests  against  fire, 
the  digging  of  canals.  Bat  his  chief  performance,  for  which  his  mem- 
ory will  endure  forever  in  the  agricultural  history  of  our  country,  was 
the  reclaiming  and  replanting  of  the  Landee.  Nearly  ttie  whole  of 
the  vast  territory,  covering  nearly  1,975,000  acres,  which  lies  between 
the  Bay  of  Biscay  and  the  valleys  of  the  Garonne  and  the  Adonr,  had 
been  for  centuries  unfit  for  cultivation  and  proof  against  civilization. 
In  that  immense  desert,  covered  in  winter  with  stagnant  and  noxious 
water,  uoue  but  a  lew  wandering  shepherds,  doomed  victims  of  fever 
and  destitution,  were  ever  seen. 

A  few  cases,  widely  separated,  were  the  only  exceptions.  Chambre- 
lent  engaged  in  a  persevering  investigation  of  the  causes  which  had 
allowed  a  few  favored  spots  to  overcome  the  natural  barrenness  of  the 
soil.  He  bad  no  sooner  begun  active  service  in  the  corps  of  pouts  and 
chauss^es  (bridges  and  causeways]  than  he  fonnd  the  most  simple  and 
cheapest  solution  of  that  great  problem.  Bnt  the  remainder  of  his  life 
was  spent  in  securing  its  application.  It  was  no  easy  task,  and  Cham- 
brelent  had  to  fight  manifold  obstacles.  The  incredulity  of  the  inhabit- 
ants whose  faith  had  been  blighted  by  the  failure  of  preceding  attempts, 
the  spirit  of  reluctance  in  more  enlightened  circles,  the  mistrust  and 
indolence  which  were  opposed  to  his  schemes  by  the  executive  author- 
ities, all  this  seemed  likely  to  subdue  the  most  powerful  will,  the  most 
indomitable  perseverance.  But  nothing  could  shake  the  robust  faith 
of  this  remarkable  man,  whose  modest  and  affable  manner  concealed  a 
manly  and  energetic  soul. 

Forsaken  by  all,  Ghambrelent  resolved  to  teach  the  lesson  of  example 
and  to  furnish,  at  his  own  expense,  an  irretUtable  demonstration.  He 
purchased  an  extensive  portion  of  laud  in  one  of  the  most  desolate  spots 
of  the  country.  In  a  few  years  the  application  of  his  device,  so  simple 
andsoeasyofexecation,  was  crowned  with  signal  succensj  that  barren 
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soil  was  gradnally  covered  Tritb  woods  and  harvests.  The  aspect  of  the 
Landes  will  be  transformed  from  the  day  wbeu  the  methods  of  our 
lamented  colleague  shall  be  applied  to  the  whole  of  that  region,  and 
the  name  of  Laudes  will  subeist  only  as  a  vestige  of  the  past,  but  the 
memory  of  Ghamhrelent  shall  live  through  the  ages  in  the  hearts  of  the 
people,  for  whom  he  shall  have  proved  one  of  their  greatest  benelitctors. 

No  less  severe  for  ns  was  the  loss  of  Edouaid  Fremy,  who  died  at 
the  age  of  80,  at  the  Museum,  in  the  glorious  scientific  establishment 
the  management  of  which  had  taken  ap  a  portion  of  his  life  and  whose 
increased  attractions  were  bo  largely  dne  to  his  efforts.  Bis  untwmmou 
Etculty  of  investigation  had  placed  him  among  the  masters  of  chamis- 
try,  with  every  branch  of  which  he  became  conversant.  His  nnmeraus 
discoveries,  especially  iu  regard  to  industrial  applications  of  chemistry, 
have  bestowed  npon  him  a  lasting  claim  to  the  gratitude  of  the  scien- 
tific world.  Countlesti  ia  the  number  of  distinguished  pupils  who  were 
formed  under  his  teaching  and  of  the  investigators  who  frequented  his 
laboratory  to  advantage  in  the  forty  years  dnriog  which  he  occupied  a 
ibioDOst  rank  in  French  science. 

Our  colleagae  was  denied  the  satisfaction  of  bringing  to  an  Mid  the 
pablicatiou  of  the  "  Encyclopedic  Chimiqne,"  a  monumental  work, 
which  he  undertook  in  common  with  several  of  oar  members.  The 
overwhelming  fatigues  of  a  long  life  wholly  devoted  to  work  had  in 
recent  years  weakened  the  springs  of  his  activity  and  cast  a  sort  of 
shadow  over  bis  once  bright  mind.  But  his  image  still  stands  before 
our  eyes  as  that  of  a  man  of  profound  observation,  a  sharp  aad  clear 
intellect,  and  a  high  character,  which  won  him  universal  regard. 

A  month  later  we  followed  to  his  last  resting  place  an  honorary 
academician  especially  lamented  by  his  colleagues.  General  Fav^,  a 
highly  distinguished  officer,  who,  while  he  was  nobly  attending  to  his 
duties  as  a  soldier,  gave  constant  and  fruitful  attention  to  the  arts  of 
war.  He  wrote  many  papers  on  history  and  strategy,  and  achieved 
reputation  by  his  numerous  inventions,  highly  valuable  for  the  national 
d^nse.  No  one  could  come  in  contact  with  General  Fav6  without 
hemg  impressed  with  the  high  cultivation  of  his  uund,  which,  with  his 
affable  disposition  and  his  exquisite  courtesy,  gave  him  a  genuine  fas- 
cination. 
I  A  physician  has  also  gone  from  our  midst.  We  shall  cherish  the 
memory  of  Brown-Sequard  as  one  of  the  most  original  and  interesting 
characters  of  our  age,  a  deep  thinker  and  bold  investigator.  That  illus- 
strious  physiologist  had  won  fame  by  works  of  the  highest  order  long 
before  his  name  became  so  universally  known  through  the  last  and  most 
curious  of  his  efforts.  His  capacity  for  production  was  extraordinary. 
Always  bent  on  the  pursuit  of  new  truths,  he  was  obliged  at  times  to 
defer  the  final  demonstration  of  his  general  views,  which  thus  appeared 
in  the  light  of  actual  divination. 

He  waa  lavish  of  his  energies,  and  even  of  his  life,  when  it  was  a  ques- 
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tioii  of  tuoronghly  testing  a  scieiitifiu  proposition,  aad  when  blood  was 
required  in  his  latest  experiments  BrowuSequard  took  his  own.  Hi» 
professional  courage,  carried  to  the  point  of  hardihood,  was  well  known. 
Down  to  his  last  day  his  body  bore  the  indelible  marks  left  by  expm- 
ments  which  he  had  voluntarily  undergone. 

In  the  iutellectaal  arena  BrowB-Sequard  was  one  of  the  most  fearless 
champions.  The  endless  array  of  scientific  facts  he  has  brought  to 
light  and  his  surprisingly  bold  views  have  been  the  canse  of  passionate 
debates  and  the  origin  of  ardent  enthusiasms.  The  scientific  movement 
thus  started  by  him  is  an  extensive  one,  and  his  many  pupils,  some  of 
whom  have  in  their  turn  become  masters,  will  for  a  long  time  to  come 
And  material  for  deep  reflection  in  his  works. 

One  of  the  most  sudden  losses  sustained  by  the  Academy  of  Scieooes 
during  the  year  is  beyond  doubt  the  death  of  Ernest  Mallard.  His 
engineering  labors  engrossed  all  his  atteotion  for  many  years,  and  he 
could  not,  until  late,  enter  the  path  of  scientific  research.  It  took  bnt 
a  few  years  to  pla^e  him  above  the  ordinary  level.  His  efforts  have  pat 
a  new  phase  on  crystallography  and  reduced  to  simple  and  general  laws 
a  large  number  of  facts  for  which  no  explanation  had  yet  been  found. 
Mallard  would  have  been  justified  in  devoting  his  whole  time  to  these 
speculative  studies  which  were  so  prolific  of  felicitous  resalts.  Con- 
siderations of  interest  and  humanity  frequently  interfered.  Down  to 
his  last  day  be  followed  up  technical  experiments  on  firedamp  and 
explosive  matters,  at  the  cost  of  unceasing  labor  and  danger.  He 
thought  lie  could  not  put  his  high  mental  faculties  to  better  use  than 
by  working  for  the  better  safety  of  the  lowly  miners. 

The  death  of  the  celebrated  German  physicist,  Helmholtz,  whicb 
occurred  in  the  month  of  September,  baa  brought  to  us  especial  griefs 
The  Academy  of  Scieuces  witnesses  in  his  demise  the  disappearance 
of  one  of  its  most  genial  associates,  one  of  the  most  illustrious  men  of 
the  times.  Ue  first  became  known  for  his  important  physiological 
investigations;  but  the  prolific  work  accomplished  by  him  in  the 
course  of  half  a  century  embraces  the  whole  domain  of  physical  and 
mathematical  sciences,  and  has  had  far-reaching  consequences.  Helm- 
hcdtz  was  a  veritable  originator;  his  researches  in  geometry,  bis  dis- 
coveries ill  optics,  acoustics  and  physiology  have  secured  invaluable 
conquests  for  science;  it  would  be  hard  to  say  on  which  of  those  sci- 
ences his  genius  cast  the  most  brilliant  light. 

Even  among  the  most  favored  nations  men  gifted  with  so  powerful 
intellectual  faculties  appear  but  rarely  in  the  course  of  several  geu- 
eratioiis.  It  is  by  reason  of  their  majestic  isolation  that  they  exert  a 
dominating  influence  upon  the  civilization  of  their  country.  Helmholtz 
mnintained  the  most  intimate  intercourse  with  French  savants  through- 
out his  life.  The  universal  cultivation  of  his  miud,  the  elevation  of  his 
thoughts,  the  nobleness  of  his  heart  won  for  him  here  the  most  aineere 
friends.  To  our  admiration  for  his  genius  was  superadded  the  regard 
bred  by  the  qualities  of  his  Hue  nature.  ^-  i 
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The  arehieology  of  France  has  lost  M.  Waddiogtoii,  who  was  in  his 
early  days  elected  a  loember  of  the  Academy  of  Inscriptions  in  recog- 
nition of  the  long  years  he  had  devoted  as  a  zealous  onmismatist,  an 
inqnisitive  and  learned  explorer,  to  those  auxiliary  sciences  which  have 
completely  renovated  historical  methods.  The  epigraphy  of  Asia  Minor 
is  indebted  to  him  for  investigations  that  have  opened  and  paved  the 
way  for  further  advancement.  Waddington  was  drawn  sway  from  his 
favorite  stndies  by  the  high  pablic  o£Qces  be  was  called  upon  to  fill,  at 
first  at  home  aud  then  abroad,  iu  the  service  of  the  coantry.  Bnt  it 
wonld  ill  become  science  to  grieve  over  his  temporary  exile,  for  his  keen 
and  liberal  mind  knew  how  to  turn  to  advantage  bis  versatile  attain- 
mentfl  in  the  important  i>ositioiis  he  filled.  Alike  moderate  and  firm, 
he  was  enabled  to  carry  through  a  scries  of  useful  reforms  in  public 
instmctiou,  and  the  influence  which  these  reforms  are  calculated  to 
exert  will  be  lasting  and  beneficent.  Our  colleague  had  returned  to 
the  study  of  arch»>,ology  when  death  robbed  science  and  the  academy  of 
the  ft-uitful  investigatiODS  which  we  were  still  justified  in  expecting. 

The  Academie  des  Inscriptions  et  Belles- Lettres  has  also  bail  the 
deep  sorrow  of  losing  two  of  its  most  renowned  foreign  associates.  Sir 
Henry  Layard,  a  descendantof  an  ancient  family  of  French  emigrant^ 
died  at  Venice  on  the20tb  of  July.  Asa  traveler,  i»olitician,  ambassa- 
dor, he  gave,  iu  the  most  varied  pursuits,  evidence  of  high  intellectual 
capacity,  and  left  in  many  parts  of  the  globe  the  marks  of  a  tenacious 
and  productive  activity.  The  memorable  expedition  to  which  science 
is  indebted  for  so  many  magnificent  monuments  of  Assyrian  antiquity 
was  successfully  led  by  him  through  manifold  dangers.  After  landing 
on  the  left  bank  of  the  Tigris  lie  hired  a  company  of  nomad  Arabs, 
and  was  happily  moved  to  begin  excavations  in  the  neighborhood  of  a 
village  bearing  the  suggestive  name  of  Nimroud.  It  was  soon  ascer- 
ttuued  that  the  site  of  ancient  Calah  had  been  discovered.  A  number 
of  low-reliefs,  sepulchers,  and  inscriptions  were  thus  again  brought  to 
light,  thanks  to  Layard's  bold  initiative.  Tlie  discoveries  that  were 
made  later  at  Kouyundjik,  added  to  those  of  our  fellow-countryman, 
Botta,  have  thrown  an  nnsuspectfid  light  on  the  history  of  that  remote 
antiquity,  and  have  secured  for  their  authors  a  well-deserved  and 
lasting  fame. 

The  recent  announcement  of  the  death  of  Goinmandeur  J.  B.  de  Ross, 
has  brought  us  special  sorrow.  In  him  wo  lose  not  only  a  celebrated 
savant,  but  also  a  sincere  and  devoted  friend  of  our  country.  The 
members  of  the  French  school  at  Rome  never  called  in  vain  njion  him 
for  information  and  support.  Ho  evidenced  his  good  will  toward  them 
by  continuous  services,  and  his  reliable  learning  by  precious  indications 
for  their  work.  We  had,  in  a  manner,  the  first  fruits  of  his  talent,  for 
it  was  at  Paris  that  his  first  papers  were  printed.  He  first  became 
known  for  remarkable  cpigrapbic  investigations,  bnt  his  chief  title  to 
fame  lies  in  the  discovery  of  that  portion  of  the  Catacombs  of  Some 
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tliat  ia  moat  extensive  and  richest  in  memories.  It  \rae  there  that 
he  found  the  materials  for  his  monumental  compilation  of  Christian 
inscriptions,  in  vhich  he  resnnects  an  epoch  and  a  society  in  which  we 
take  the  liveliest  interest.  On  these  publications  so  fraught  with  useful 
information.  Important  discoveries  and  valnahle  analysis,  Be  Rossi 
set  the  first  scientific  foundation  of  Christian  archieology.  Bat  I  most 
desist,  regretting  my  inability  to  follow  in  all  its  manifestations  his 
comprehensive  genius,  and  bis  eminent  mind  adorned  by  the  most  noble 
virtues. 

The  Academy  of  Fine  Arts  has  also  had  its  share  of  mourning.  It 
was  bereft,  toward  the  end  of  January,  of  one  of  its  oldest  members, 
M.  Cavelier.  Upon  his  leaving  the  Villa  Medicis,  the  young  scnlptor 
first  gained  celebrity  by  a  statue  of  Penelope,  a  charming  work  which 
at  once  revealed  a  substantial  talent  and  that  soundness  of  taste  which 
has  ever  since  characterized  the  long  list  of  his  works. 

Our  colleague  held  with  immovable  conviction  throughout  his  life  to 
the  noble  conception  he  had  formed  of  art  and  of  its  mission.  While 
an  eclectic  in  the  manner  of  execution,  he  endeavored  always  to  repre- 
sent nature  under  its  most  ideal  form  in  a  clasBic  style.  Cavelier  has 
left  among  his  friends,  his  many  pupils,  and  all  those  he  had  favored, 
the  memory  of  a  distingai3hedartist,of  akindmaster,  andof  a  devoted 
colleague.  His  name,  inscribed  on  many  a  sculptural  composition  by 
which  our  public  buildings  are  adorned,  is  assured  of  going  down  to 
posterity,  and  of  being  cited  as  one  of  those  that  hare  reflected  honor 
and  brilliancy  upon  French  art. 

Federico  Madrazo,  the  painter,  whose  recent  death  was  a  national 
bereavement  for  Spain,  was  doubly  ours,  as  a  foreign  associate  and  as 
an  artist  trained  in  the  school  of  the  great  masters  who,  in  the  first 
half  of  the  century,  won  glory  for  our  country.  France  was  the  cradle 
of  his  new-bom  talent;  it  was  in  our  annual  salons  that  he  won  the 
awards  by  which  fame  was  brought  to  bis  name.  His  historical  pictures, 
and  chiefly  his  admirable  portraits  that  embellish  the  finest  galleries  in 
Europe,  are  the  highest  vindication  of  the  honors  which,  at  home  as  well 
as  abroad,  crowned  his  long  and  glorious  career. 

The  French  Academy  was  no  more  spared  than  that  of  the  Fine  Arts. 
The  death  of  M.  Maxime  du  Camp  has  taken  from  the  world  of  letters 
and  of  inquiry  an  indefatigable  worker,  a  refined  writer,  a  vigorous 
and  honest  polemist.  Maxime  dn  Camp  leaves  behind  him  extensive 
and  manifold  works.  The  marks  of  the  romantic  youth  of  a  traveler 
and  soldier  are  found  in  his  first  productions.  But  even  during  that 
period  of  juvenile  enthusiasm  his  exuberant  nature  knew  how  to  sub- 
mit to  the  delays  of  patient  study.  Maxime  du  Camp  thus  betokened 
the  eminent  qualities  that  were  to  make  the  latter  part  of  his  life  as  a 
writer  illustrious.  His  great  production  on  Paris,  a  city  which,  like 
MoDtaigtie,  he  loved  down  to  its  warts  and  blemishes,  shows  most 
ujmirably  bis  ability  as  au  Investigator  and  philosopher  always  equal 
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to  hia  Bobject.  Posterity  will  andoubtedly  agtply  to  our  rolleagne  the 
ancient  suyiug  of  Cicero  "  that  qualities  of  houor  and  probity  must  be 
exhibited  even  in  the  style." 

Not  only  the  lustitiite,  but  all  France,  mourns  for  Leconte  de  Lisle 
this  year.  For  she  honors  in  bim  one  of  the  moat  sterling  poetic  celeb- 
rities of  this  century.  His  name  will  live  as  long  as  his  three  master- 
pieces, "The  Pm-m<«  AnttquBK,"  the  "  Poenies  Carbares,"  and  the 
"Pn^mesTragifiaes."  He  was  engaged  for  thirty  years  in  perfecting 
that  great  and  magnificent  work,  which,  by  its  very  nature,  seems  to  be 
destined  for  immortality. 

He  came  to  us  from  a  distant  island,  a  French  [toHaession  lost  in  the 
tropica)  seas.  La  K^uniuo.  It  was  there  that  he  (Irst  came  into  the 
world,  on  the  22d  of  August,  l>i'20.  His  parentage  was  from  Brittany, 
aud  it  may  be  that  it  was  this  dual  origin  that  enabled  him  to  depict 
vith  such  fidelity  the  wrath  of  the  Scandinavian  seas  and  the  splendor 
of  Indian  climes.  In  France  he  lived  iu  obsunre  and  modest  seclusion, 
accessible  only  to  the  gnard  of  honor  made  up  of  a  few  friends  and 
elected  disciples.  These  certainly  knew  that  the  illustrious  recluse 
was  anything  but  insensible  and  suiwrcilious.  A  cursory  perusal  of 
his  poems  may  have  given  rise  to  such  an  impression,  bnt  the  testi- 
mony of  those  who  came  iu  contact  with  him  and  greater  familiariea- 
tion  with  his  verses  place  him  before  us  in  the  attitude  not  of  a  ftigid 
marble  god,  but  simply  that  of  an  aDcieiit  sage  absorbed  Iu  his  work 
and  following  ii  with  jmtient  ardor. 

In  1886  the  votes  of  the.Academy  sought  him  in  his  retirement. 
Glory  did  not  come  to  IiIh  name  until  a  very  late  hour.  He  himself 
never  thought  of  complaint  on  that  ground;  he  well  knew  that  the 
character  of  his  works  was  not  such  as  to  largely  draw  the  admiration 
of  the  multitude.  He  reviews  India  and  its  religions;  Greece,  the  birth- 
place of  art;  the  restless  and  dark-sooled  barbarians  in  bis  works,  and 
in  all  of  them  he  takes  a  tragic  and  picturesque  view  of  history,  and 
looks  upon  nature  as  the  eternal  soother  of  all  sorrows. 

In  history  he  gave  preference  to  obscure  and  legendary  periods. 
They  aiforded  bim  a  wider  field  for  the  description  of  human  passions 
pitched  to  a  degree  of  grandeur  and  energy  which  does  not  comport 
with  the  periods  of  peaceful  civilization.  A  decided  foe  of  the  morbid 
sentimentality  which  partially  pervades  the  literature  of  the  first  half 
of  this  century,  he  raised  the  principle  of  impersonality  in  art  to  the 
eminence  of  a  dogma.  His  {loutry  is  iu  a  high  degree  stamped  with  the 
eharacteristicsof  scientttic  thought.  It  partakes  of  it  by  the  logical 
developmentof  the  subject-matter,  by  the  staucb  erudition  which  leads 
bun  through  the  traditions  of  all  the  races,  and  in  his  poems  be  again 
brings  the  soul  of  ancient  heroes  into  powerfully  realistic  life.  In  some 
of  those  revivals  be  combines  the  clear-sightedness  of  Thucydides  with 
the  fiery  imagination  of  Lucretius. 

No  poet,  perhaps,  has  been  more  of  an  artist  than  Leconte  de  Lisle. 
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He  has  written  some  of  the  most  beantifiil  lines  that  ever  impressed 
themselves  upon  humaii  memory.  Bat  however  perfect  and  iiolished 
may  be,  the  form  he  never  for  its  sake  loses  sight  of  the  point ;  throagb 
the  moving  splendor  of  images  can  always  be  perceived  a  firm  iotelli- 
gence,  a  parity  of  sentiment,  the  absolnte  sincerity  of  which  is  attested 
by  the  dignity  of  his  life.  On  greeting  bim  as  one  of  onr  greatest  poete 
we  forestall  the  judgment  of  posterity  witliont  fear  of  being  belied  by  it. 

All  these  colleagues,  whose  memory  of  recent  date  I  have  just  recalled, 
labored,  each  one  according  to  bis  aptitude,  toward  adding  to  tbe  int«l- 
lectnal  patrimony  of  their  country.  We  could  do  them  no  better  honor 
than  by  calling  to  their  seats  in  our  midst  those  who  most  worthily 
continued  their  labors. 

It  is  said  of  Socrates  that  he  was  in  the  habit  of  curiously  question- 
ing even  the  shoemakers  and  foUers  of  a  town  as  small  as  Athens,  who 
thought  that  the  intelligent  worid  ended  at  tbe  Piraeus  and  the  intel- 
ligible world  at  tbe  pillars  of  Hercules ;  and  it  may  be  that  he  thought 
so  himself;  for  however  wise  a  man  may  be,  he  nevertheless  belongs  to 
his  age  and  to  his  country,  and  such  a  natal  pride  surely  brings  to-day 
a  smile  to  our  lips. 

Here,  on  tbe  other  band,  is  another  city,  even  much  smaller  than 
Athens;  I  mean  the  Institute.  It  is  in  France,  in  the  most  sociable 
country,  the  second  home  of  foreigners;  it  receives  in  its  midst  the 
representatives  of  all  the  noble  qualities  of  the  mind;  in  fine,  does  it 
not,  with  its  extensive  ramifications  in  the  provinces  and  abroad,  <x)d- 
dense,  as  it  were,  the  whole  of  tbe  civilized  world  T  It  tells  man  of 
nearly  all  be  knows  about  himself  and  about  the  universe.  Well,  gen- 
tlemen, if  an  ideal  Socrates  coiild  by  qnestioniug  yon  come  in  poseession 
of  all  your  knowledge  what  would  there  remain  for  him  to  learnt  In  a 
word,  would  not  the  man  who  could  unite  within  himself  all  the  things 
that  you  know  and  succeed  in  harmoniously  blending  them  be  tbe  per- 
fect mant  Let  us  then  strive,  gentlemen,  to  draw  nearer  to  soch  per- 
fection, and  to  achieve  such  intimate  blending  through' ever-increasing 
cooperation,  closer  intercourse.  Such  is  the  wish  I  have  repeatedly 
hetud  uttered  about  me,  and  which  in  closing  I  take  tbe  liberty  of 
expressing  to  yoo. 
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HBUMANN  VON  HELMIiOLTZ." 
By  Arthitr  W.  KfCKER,  F,  U.  H. 

Death  b»8  been  buKy  lati^ly  amoiie  the  ranks  of  (lermaii  pliysicists. 
Hertz,  Kundt,  ami  Voii  Ilelmholtz  have  all  been  laid  low  vitbin  a  few 
moutbH,  and  the  world  is  tlie  poorer  by  some  of  the  bcNt  promise  of  the 
fntnre  and  the  ri))eHt  ex|>erience  of  the  past. 

The  liist  named  on  this  sod  death  roll  was  for  long  regarded  as  the 
dojeu  of  the  physical  seieiiceH  in  Germany.  lie  celebrated  bis  seven- 
tieth birthtlay  three  years  ago,  and  on  that  occsisiou  the  whole  world 
(to quote  his  own  words)  "from  Tomsk  to  Melboanie"  anited  to  do  him 
honor.  The  close  of  his  career  thus  lacks  the  element  of  tragedy, 
which  shocked  as  when  we  heard  that  Hertz,  in  his  early  maturity, 
before  we  had  ceased  to  wonder  at  his  Srtit  great  success,  wastdead. 

Bat  tlie  elder,  like  the  yoanger  man,  die<l  too  soon,  working  to  the 
last  He  held  one  of  the  highest  scientific  posts  in  (iermany.  Long 
mathetnatieal  papers  have  quite  recently  been  contributed  by  him  to 
the  Berlin  Beriebte.  He  was  present  at  the  meeting  of  the  British 
AsHociation  at  Edinburgh  in  18!>2,  ut  the  Chicago  ('ongress  of  Electri. 
eiaDS  in  1B9.1.  It  was  ho[>ed  that  he  would  have  attended  the  meeting 
of  the  British  Association  at  Oxford  in  1894. 

No  remarkable  events  distiuguished  tlie  earlier  years  of  Helmholtz 
from  those  of  the  majority  of  clever  middle-chisg  lad».  His  mother, 
Caroline  I'enn,  was  of  English  descent;  his  father  was  a  professor  of 
Uteratare  in  the  gymnasium  at  Potsdam,  who,  both  in  and  out  of  school, 
did  all  that  be  could  to  help  bis  promising  boy.  On  looking  back  to 
his  youth,  Von  Helmholtz  accused  himself  of  a  "bad  memory  for  dis- 
connected things, **  but  admitted  that  he  ha<l  an  unusuiil  power  for 
grasping  and  remembering  the  detail-s  of  a  connected  train  of  thonght. 

When  be  began  the  systematic  study  of  geometry  be  nstonisbed  bis 
teachers  with  the  pra<itica)  knowledge  of  the  laws  of  form  which  he 
had  already  attained,  chieliy  by  the  aid  of  wtKMlen  blocks.  He  ac(guired 
"a  great  love  of  nature,"  was  especially  attracted  by  physics,  and  con- 
fessed that -while  the  class  was  reading  Cicero  or  Virgil,  he  was  often 
bogy  with  illicit  calcalatioDS  under  the  desk. 

Bnt,  though  he  describes  bis  interest  in  the  special  line  of  study  to 
which  he  subsequently  adhered  as  "amounting  even  to  a  passion,"  it 
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is  evident  that  the  passion  Acas  controlled  by  a  strong  vein  of  commoD 
sense.  Neither  at  that  time,  nor  for  many  years  afterwards,  was  a  liv- 
ing to  be  matle  out  of  pfaysica.  The  only,  influential  member  of  the 
femily  was  a  military  surgeon.  It  was  therefore  decided  that  the  yonng 
niaa  should  adopt  the  profession  of  his  relative,  and  devote  to  his 
favorite  scienre  sach  time  as  he  might  be  able  to  spare  flrom  more 
urgent  duties. 

It  was  not  long  before  the  characteristic  bent  of  his  mind  displayed 
its«l£  He  WHS  the  pupil  of  Johannes  Miiller,  from  whose  laboratory 
nune  many  of  the  most  distinguished  German  physiologists  of  the  last 
generation.  The  first  two  papers  which  Helmfaoltz  published  were  on 
fermentation  and  nmscnlar  action,  respectively,  but  the  first  effort 
which  attraotetl  general  attraction  was  an  essay  on  the  Conservation 
of  Force,  published  in  1*47,  when  he  was  26  years  of  age. 

It  is  unnecessary  to  repeat  the  ofttold  tale  of  how  the  pioneers  of  the 
great  genemliEation,  now  called  the  conservation  of  energy,  were  for 
a  time  ignored.  German  physicists  tnmed  away  from  Mayer.  Eng- 
land would  not  hear,  or  listened  in  uniutelligent  silence  to  Joule.  But 
the  year  1S47  was  an  eiKtch  in  the  history  of  science.  Joule  himself, 
for  the  first  time,  claimed  the  full  extent  of  the  territory  he  bad  con- 
quered. '-On  the  28th  of  April,  1847,"  says  his  biographer,  "Joule 
gave  a  ]>opular  lecture  in  Manchester,  at  St.  Anne's  Chnrch  reading 
room,"  and  chose  this  o|>i»ortunity  to  deliver  "the  first  fall  and  clear 
exposition  of  the  universal  conservation  of  that  principle  now  called 
energy." 

The  local  press  would  at  first  have  nothing  to  do  with  the  address. 
"One  iM|>er  refused  to  give  even  notice  of  it."  "The  Manchester 
Guanlian  would,  as  a  favor,  print  extracts  to  be  selected  by  them- 
selves." Finally  the  Manchester  Courier,  after  long  debate,  promised 
to  insert  the  whole  as  a  spe<-ial  favor,  not  to  Joule,  but  to  his  brother. 

t)f  c<H»rse  no  blame  can  attach  to  the  newspa^ter  men  for  failing  to 
recttgnire  the  importance  of  views  that  were  rejected  by  many  of  the 
best  known  scientific  anthorities.  but  the  theories  which  in  April  were 
hawktnl  n-om  one  provincial  editor  to  another,  fonnd  in  Jane,  when  the 
Hrilish  Association  met  at  Oxfonl,  an  advocate  who  compelled  atten- 
tion. Joule  h»3  told  the  story  himself.  All  the  circumstances  were 
depressing.  An  earlier  {laiier,  read  souie  years  before,  had  attracted 
little  notii'e.  The  chairman,  iierhaps  on  this  account,  suggested  that 
tlii^  author  should  be  brief.  No  discussion  was  invited.  In  a  moment 
the  meeting  would  have  pass*-*!  to  other  business,  and  the  ennnciatiou 
of  bis  views  would  once  more  have  fiuled  "if  a  yonng  man  had  not 
risen  in  the  swtion  and,  by  his  inlelligent  observations,  created  a  lively 
interest  in  the  new  theory.  The  young  man  was  ^ilUain  Thomson." 
The  result  was  that  the  |Miper  created  a  great  sensation,  and  from  that 
moment  the  tide  of  oirinion  turned. 

What  Thomson  did  in  Jane,  in  Oxford,  Helmholtz  did  scarcely  a 
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moath  later  in  Berlin.  His  paper  wan  read  to  the  Ftaysical  Society  of 
that  city  oii  the  23<1  of  July,  1847.  It  was  too  clear,  too  powerful,  ami 
too  convinciDg  to  be  igDored.  The  liue  of  thought  which  he  ha<l  been 
followiug  has  tweti  traced  by  hia  own  hand.  The  study  of  medicine  led 
to  the  problem  of  tlie  nature  of  "vital  force."  He  convinced  himscU 
that  if — as  Stahl  had  su^geste^l — an  animal  had  the  power  now  of 
restraining,  and  dow  of  liberating  the  activity  of  mechaDical  forces,  it 
would  be  endowed  with  the  power  of  perpetual  motion.  This  led  to  the 
qaestiou  whether  periwtmil  motion  was  consistent  with  what  was  known 
of  natural  agencies.  The  essay  on  the  Couservatiou  of  Force  was, 
according  to  Von  Helmhoitz  himself,  intended  te  bo  acritical  investiga- 
tion and  arrangement  of  the  facts  which  bear  on  this  point  for  the 
benefit  of  physiologists.  In  form,  however,  it  was  addressed  to  the 
physicists. 

The  paper  was  called  Ueber  die  Erhaltung  der  Kraft,  eiue  physika- 
lische  Abhaodlung.  It  opens  with  the  statement,  "Vorliegende 
Abhandluug  musste  ihrem  Hauptiuhalte  nach  hauptsiichlich  fiir  Phy- 
siker  bestJmmt  warden."  It  was  communicated  to  the  Physical  Society 
of  Berlin.  The  author  appears  to  have  expected  that  it  would  there 
be  received  as  a  mere  summary  of  accepted  facta,  and  to  have  hoped 
that,  having  gained  this  authoritative  saoctiou,  he  could  thereafter 
appeal  with  greater  force  to  his  brother  ptaysiologiste.  To  his  surprise 
the  physicists  were  not  only  interested,  but  showed  a  strong  disposition 
to  treat  the  essay  as  a  fantastic  speculation.  The  editor  of  PoggendorfiTs 
Anualen  declined  to  pnbltsh  it.  On  the  other  band,  Helmhoitz  was 
supported  by  his  fellow-student,  Du  Bois  Reymond,  and  by  niathema 
ticiau  Karl  Jacobi.  In  the  end  they  carried  the  Pliysici^  Society  with 
them. 

The  essay  itself  is  full  of  interest.  The  phraseology  differs  irom  that 
we  employ,  but  the  use  of  terms  now  regardeil  as  archaic  is  not  due  to 
any  mistiness  of  i>erceptioD.  Write  energy  here  and  there  for  "  force," 
potential  energy  for  "tension,"  as  defined  in  the  essay,  assume  our 
fuller  knowledge  of  the  results  of  experiment,  and  the  whole  might 
have  been  written  yesterday,  instead  of  nearly  fifty  years  ago. 

The  author  began  by  an  argument  which  practically  amounts  to  the 
statement  that  science  is  limited  to  the  search  for  a  mechanical  expla- 
nation of  nature,  and  that,  whatever  the  final  result  of  the  quest  may 
be,  it  mast  be  pushed  as  far  iis  possible. 

Assuming  that  the  basis  of  a  mechanical  theory  must  ultimately  be 
the  action  of  forces  between  material  t>oints,  and,  implicitly  assuming 
■  the  Newtonian  laws  of  motion,  the  conclusion  is  reached  that  the  law 
of  the  couservatiou  of  energy  holds  good,  and  holds  good  only  if  the 
forces  are  central;  that  is,  if  they  arc  attractions  or  repulsions,  the 
magnitudes  of  which  depend  solely  on  the  distances  between  the  mutu- 
ally reacting  pai-ticles. 

The  cogency  of  this  as  an  j1  p  riori  jiroof  of  the  cuuservation  of  energy 
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of  course  dependfl  upou  whether  the  premises  are  admitted  to  be  ozi- 
omatic;  but  it  was  followed  by  au  appeal  to  experiment.  The  greater 
part  of  the  memoir  was  occupied  with  au  elaborate  discussion  as  to 
whether  the  law  of  the  conservation  of  energj'  was  consistent  with  the 
facts  then  known.  This  involved  a  survey  of  the  application  of  the  law 
to  mechanics,  heat,  electricity,  magnetism,  and  electro-magnetics.  A 
number  of  most  interesting  calculations  and  suggestions  were  made, 
and  the  coDclusiou  arrived  at  was  "  that  the  law  of  the  conservation  of 
energy  does  not  contradict  any  known  fact  in  natural  science,  but  in  a 
great  unmber  of  cases  is,  on  the  contrary,  corroborated  in  a  striking 


The  author  was  acquainted  with  the  earlier  experiments  of  Jonle 
only,  and,  while  employing  the  idea  of  a  mechauical  equivalent  of  heat 
and  using  symhols  to  represent  it,  dismisses  the  results  of  observatioD 
as  having  but  "little  claim  to  accuracy."  It  need  hardly  be  said  that 
this  opinion  was  not  afterwards  extended  to  the  later  iuvestigataoDs, 
which  were  only  just  then  becoming  known. 

In  a  note  appended,  when  the  essay  was  republished  in  1S81,  Toa 
Helmholtz  expressly  disclaimed  any  right  to  priority  as  au  originator 
of  the  doctrine  of  conservation  of  energy,  but  his  essay  is,  the  more 
remarkable  on  account  of  his  slight  acquaintance  with  the  work  of  his 
predecessors.  He  knew  nothing  of  Mayer,  and  his  information  as  to 
Joule's  experiments  was  only  gained  after  his  own  work  was  lar 
advanced. 

Enough  has,  perhaps,  been  said  to  show  that  he  must,  as  Professor 
Tait  asserts,  <'b«  classe<l  as  one  of  the  most  successful  of  the  early  pro- 
moters of  the  science  of  energy  on  legitimate  principles." 

The  pai)er  on  the  Conservation  of  Energy  was  only  the  third  or 
fourth  which  Helmholtz  had  i>nbtished,  but  his  remarkable  abilities 
were  now  fiilly  recognized. 

His  connection  with  the  army  was  severed  in  1848.  For  some  months 
he  was  an  assistant  in  the  Anatomical  Museum  of  Berlin,  and  also 
teacher  of  anatomy  at  the  Academy  of  Arts.  After  this  be  held  in 
succession  the  professorships  of  physiology  in  the  universities  of 
Konigsberg,  Bonn,  and  Heidelberg,  and  in  1871  he  was  appointed  pro- 
fessor of  natural  plulosoi)hy  in  the  University  of  Berlin. 

Honors  of  all  sorts  were  showered  upon  him.  Late  in  life  be  was 
ennobled  by  the  German  Emperor,  and  the  esteem  in  which  he  was  held 
in  this  country  was  proved  by  the  award  of  the  Copley  medal,  the  high- 
est distinction  in  the  gift  of  the  Royal  Society. 

It  would  be  impossible  to  follow  in  chronological  order  the  work 
which  Yon  Helmholtz  gave  to  the  world  during  these  long  years.  The 
most  that  can  be  attempted  is  to  convey  some  idea  of  its  imiwrtiuice. 
He  was  gre:it  as  a  mathematician  and  physicist,  but  the  direction  of 
'•='*  most  characteristic  efforts  was  probably  determined  by  the  early 
ssity  for  seeking  a  livlihood  by  the  practice  of  medicine.    On  the 
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borderland  of  physice,  physiology,  and  psychology  lie  won  a  place  that 
is  all  bis  own  This  tborny  re^on  has  been  invaded  by  others  from 
both  sides,  bat  it  ia  not  too  mach  to  say  that  Vod  Helmboltz,  in  his 
triple  mastery  over  anatomy,  mathematics,  and  physics,  had  aniqae 
qnalifications  for  the  task. 

To  the  ocalist  be  gave  the  ophthalmoscope,  and  thus  made  it  possi- 
ble to  investigate  the  conditions  of  the  inmost  recesses  of  the  living 
eye.  If  tbe  eye  be  illuminated  a  portion  of  the  light  returns  from  the 
hinder  surface,  is  brought  to  a  focu8  by  the  lenses  of  the  eye  it«elf,  and 
forms  an  image  of  the  retina  in  external  space.  To  see  this  was  no 
easy  matter.  If  the  patient's  eye  were  focused  on  a  lomiuous  object 
the  image  wonid  coincide  with  the  soarco  of  light,  and,  even  if  other- 
wise visible,  would  be  lost  in  the  glare.  If  be  looked  elsewhere  tbe 
image  would  move,  bnt,  inasmuch  as  the  lenses  can  not  be  adjusted  to 
the  clear  vision  of  any  object  nearer  than  about  10  incites,  that  is  tbe 
minimnm  distance  from  the  eye  at  which  it  can  form  tbe  image  of  Its 
own  retina.  To  see  this  clearly  an  observer  withont  appliances  must 
place  himself  at  feast  10  inches  fironi  the  image,  that  is,  at  20  inches 
from  the  patient.  At  that  distance  the  view  would  be  so  limiteil  that 
no  resolt  could  be  obtained. 

Von  Helmboltz,  however,  convinced  himself  that,  if  these  difficulties 
coald  be  overcome,  the  image  of  a  brightly  illnmiuated  retina  conid  be 
seen.  He  made  the  observntions  throu(;h  a  small  hole  in  the  center  of 
»  mirror,  which  reflected  light  into  the  eye  under  examination.  Then, 
by  means  of  a  lens,  he  shifted  the  position  of  the  image  backward 
Qiitil  the  relative  positions  of  the  observer  and  the  patient  were  such 
that,  according  to  calculation,  the  retina  should  be  visible. 

Again  and  again  he  tried  and  failed,  but  he  was  convinced  of  the 
validity  of  the  theory,  and  at  last  the  experiment  succeeded.  From 
that  time  the  occulist  has  been  able  to  look  into  the  darkness  of  the 
popil,  and  to  see  through  the  gloom  the  point  of  entry  of  the  optic 
nerve  and  the  delicate  network  of  blood  vessels  by  which  it  is  sur- 
ronnded. 

The  great  monograph  on  the  Sensations  of  Tone  appeared  in  1S63. 
The  theories  advanced  were  novel,  but,  though  some  jioints  are  still 
open  to  dispute,  they  have  as  a  whole  been  generally  accepted.  The 
aim  of  tbe  work  was  ambitious,  being  nothing  less  than  the  discovery 
of  the  physical  basis  of  the  sensations  which  afl'ect  us  when  listening 
to  consonant  and  dissonant  musical  intervals,  respectively.  Tbe  gen- 
eral nature  of  the  solution  arrived  at  is  now  well  known.  If  two  notes, 
which  differ  but  little  from  unison,  are  produced  together,  throbbing 
alternations  in  tbe  intensity  of  the  sound  are  heard  as  beate.  If  the 
interval  is  gradually  increased  tbe  beats  become  quicker,  till  at  last 
they  can  no  longer  be  distinguisbeil  separately.  According  to  Von 
Helmboltz,  however,  they  produce  tbe  efl'cct  of  dissonance.  "The 
nerves  of  hearing,"  he  says,  "feel  these  rapid  beate  as  rough  and 
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notes  which  vere  k  posteriori  fouod  to  obey  certain  natural  laws  was 
volnntary.  The  scale  itself  is  not  uatural,  in  the  sense  that  it  is  not 
a  necessary  conseqnence  of  the  conHtniction  of  the  ear.  On  the  con- 
trary, it  is  the  product  of  artistic  invention.  Music  is  thns  not  a  mere 
branch  of  mechanics,  bnt  an  art.  The  architect  and  the  composer  alike 
deal  with  materials  which  are  subject  to  mechanical  laws,  but  they  are 
alike  free  to  fashion  from  these  forms  determined  not  by  calcnlation, 
bat  by  the  sense  of  beanty. 

Von  Helmholtz  was  at  work  on  oiitics  while  still  engaged  in  the  study 
of  sound.  The  Handbneh  der  Physiologischen  Optik  appeared  in  sec- 
tions in  1856,  1860,  and  1866.  It  is,  as  he  himself  has  said,  a  complete 
snrvey  of  the  whole  held  of  that  science.  In  the  first  place  he  treated 
the  eye  as  an  optical  instrument,  traced  the  path  of  the  rays  through 
it,and  discussed  the  mechanism  by  which  it  can  be  accommodated  to 
distinct  vision  at  different  distances.  To  investigate  the  last  point 
it  was  necessary  to  measnre  the  images  formed  by  reflection  from  the 
surfaces  of  the  crystalline  lens.  For  this  purpose  he  invented  a  special 
iustrnmeut — the  opthalmometer — by  which  such  measurements  can  be 
made  on  the  living  patient  with  great  accuracy. 

In  an  interesting  course  of  popular  lectures,  published  in  1868,  and 
since  translated  by  Ur.  Atkinson,  Von  Helmholtz  insisted  that  far  from 
being,  as  was  often  supposed,  a  perfect  organ,  the  eye  has  many  optical 
defects;  and  that  our  UDcousciousness  of  these  is  due  not  so  mach  to 
ite  perfection  from  the  instnuneDt-maUer's  point  of  view,  as  to  the  ease 
with  which  it  adapts  itself  to  different  circumstances,  and  to  the  skill 
with  which  long  practice  enables  us  to  interpret  the  messages  it  conveys 
to  the  brain. 

The  second  section  of  the  work  was  devoted  to  the  sensation  of  sight. 
The  theories  of  color  and  of  intensity,  the  duration  of  the  sensation  of 
light,  the  phenomena  of  contrast  and  subjective  appearances  were  all 
discussed  with  a  fallness  never  before  attoined.  The  last  part  was 
devoted  to  such  problems  as  our  visual  appreciation  of  three  dimensions 
in  space  and  binocular  vision. 

The  theory  of  color,  originally  due  to  Young,  was  adopted  and 
enlarged  by  Helmholtz.  It  assumes  that  all  the  sensations  of  color  are 
compounded  out  of  tliree  fundamental  sensations,  which  ^i^  respec- 
tively a  red,  green,  and  violet  or  blue  Nearly  if  not  alt  the  phenomena 
of  color-blindness  can  be  explained  on  the  hypothesis  that,  in  the  case 
of  persons  so  affected,  the  power  of  appreciating  one  or  other  of  these 
sensations  is  wanting. 

It  was  hardly  to  be  expected  that  differences  of  opinion  would  not 
arise  as  to  some  of  the  points  discussed  in  two  work.s  so  wide  in  their 
scope  and  so  novel  in  their  methods  as  the  treatises  on  tlie  sensations 
of  tone  and  on  physiological  optics.  Koenig,  the  celebrated  iostrument 
maker,  has  demonstrated  the  existence  of  beats  which  in  the  case  of 
compoand  sounds  could  be  explained  as  due  to  the  upper  partials,  but 
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aa  they  are  prwluocd  when  the  notes  are  aa  pure  as  it  is  possible  to  make 
them,  tbey  do  not  appear  to  be  accouuted  for  by  the  original  theory. 
A  writer  { Voigt.  Wiedemann's  Aonaleo,  1890, 40,  p.  6C0)  who  has  recently 
exaiuine*)  the  matter,  concludes  that  both  the  combination  tones  of  Von 
llelDiholtz  aud  the  beat  tones  of  Koeiiig  can  theoretically  be  produced 
without  the  nnsymnietrical  arrangement  which  the  former  regarded  as 
essential,  and  that  the  one  system  or  the  other  will  tend  to  predominate 
arronling  to  circumstances.  The  more  nearly  the  energies  of  the  two 
vibrations  approach  equality  the  greater  is  the  probability  that  the 
combination  tones  will  be  heard.  The  less  nearly  the  condition  of  equal 
energy  is  niltlUed,  the  mor«  important  will  the  beat  notes  become. 

Several  other  points  of  considerable  interest  have  been  raised,  bnt 
thi>se  who  on  one  ground  or  another  have  objected  to  the  views  of  Von 
llelwhnltz,  have  not  been  entirely  in  accord  among  themselves.  It  is 
probable  that  the  theory  will  finally  be  accepted  in  its  broad  outlines, 
bnt  will  retioire  modifications  of  some  importance  in  its  details. 

The  theory  of  color,  too,  with  which  the  name  of  Von  Helmholtz  is 
associated,  is  not  without  its  difficulties.  A  new  edition  of  bis  Optics 
is  appearing  in  parts,  and  in  this  alterations  have  been  made  which 
prove  that  the  author  regarded  the  original  hypothesis  as  capable 
of  RMtdifloatittu  and  Improvement.  A  strong  committee  of  the  Royal 
Societ}-,  which  has  recently  reported  on  color  vision,  adopted  the 
terminology  of  the  Yonng-Ilelmholtz  theory,  but  pointed  out  that  it 
fltils  to  explain  some  curious  c-ases  of  diseased  vision,  in  wbicb  the  sen- 
sation of  color  is  confines!  to  the  blue  end  of  the  spectrom,  while  all 
the  other  tint^  apitear  as  white.  On  the  other  hand,  the  rival  theory 
uT  llering  also  f^ls  to  atH-oniit  for  some  of  the  known  facts.  Thus  the 
imtblem  is  not  fiuallj'  solved,  bnt  the  importance  of  the  contribntion  to 
its  solutioD  made  in  the  Physiologischen  Optik  is  not  disputed  even  by 
those  wIm  f^I  that  there  is  need  for  ftirther  inquiry  in  the  future. 

In  thejse  in\~e«itigatious  on  the  eye  and  the  ear,  on  light  and  sound,  we 
see  Von  llelmhoKz  at  his  most  characteristic  work;  bnt  the  shortest 
:^i<tch  of  his  sinentific  acbievemente  would  be  incomplete  without 
retiHVUce  to  his  eminence  as  a  mathematician. 

He  was  *s  might  ha\'e  been  expected,  deeply  interested  in  the 
vlectnv-magnelic  thwry  of  light,  and  developed  it  in  a  form  which  is 
even  niuiv  genermi  than  that  adopted  by  Clerk  Maxwell;  but  it  seems 
pml^ble  that,  while  Von  Helmholtz  has  indicated  possibihties.  Max- 
well has  taken  account  of  all  that  is  necessary  to  explain  the  facts. 

Amtlher  inquiry  of  the  first  importance,  and  conducted  with  the 
frreate^^t  attility.  wits  that  on  the  laws  of  vortex  motion.  The  move- 
ments of  a  liquid  may  l>e  so  complicated  that  it  is  at  first  sight  an 
almi^t  ho|)ele«s  tiisk  to  analyie  the  motion  into  its  simplest  elements. 
ChMtgi<«  of  shai>e  of  the  most  exaggerated  character  may  occur.  A 
oMiqmrt  mass  may  be  drawn  out  into  long  threads.  Particles  atone 
tVir  a^tart  may  be  brought  close  together  and  again  aeparstol. 
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If,  however,  instead  of  contemplating  the  final  results  we  consider 
what  is  actually  going  ou  at  a  giveu  instant  at  a  given  place  it  is 
possible  to  describe  the  facts  in  simple  terms.  A  minute  sphere  of 
the  liquid  may  be  moving  as  a  whole  in  some  definite  direction,  may 
be  changing  its  shape,  and  may  be  rotating  about  an  axis.  This  last 
is  the  distinguishing  characteristic  of  vortex  motion.  Yon  Helmholtz 
was  the  first  to  detect  some  of  the  most  remarkable  properties  of  those 
portions  of  a  fluid  in  which  it  occurs.  The  investigation  was  confined 
to  a  irictionless,  incompressible  liquid,  aud  the  author  proved  that  in 
snch  an  ideal  substance  the  property  of  vortex  motion  could  neither  be 
produced  nor  destroyed  by  any  natural  forces.  If  it  existed  in  a  group 
of  particles,  they  would  be  incapable  of  transmitting  it  to  others. 
They  could  not  be  deprived  of  it  themselves.  The  laws  of  their  motion 
would  establish  between  them  a  curious  and  indissoluble  fellowship. 

A  number  of  beads,  strung  on  a  ring  of  thread  or  wire  and  rotat- 
ing about  it^  aflbrd,  with  regard  to  a  similarly  shaped  system  of  par- 
ti(rtes  possessing  vortex  motion,  an  analogy  so  imperfect  that  it  is 
almost  dangerous  to  use  it.  But  the  two  have,  at  all  events,  one  prop- 
erty in  common.  The  wire  mjiy  be  moved  from  place  to  place  or  bent 
into  various  forms,  but  wherever  it  goes,  however  it  is  distorted,  it 
carries  the  beads  with  it.  Tlie  connection  thus  artificially  secured 
would  be  automatically  maintained  iu  a  ring  of  fluid  particles  endowed 
vith  vortex  motion.  The  ring  might  enlarge  or  contract,  be  deflected 
or  distorted,  but  amid  all  such  viciKsitudes  the  rotating  particles 
would  move  among  their  fellows  apparently  fi-ee,  but  in  reality  insep- 
arably united. 

This  and  other  peculiarities,  upon  which  it  is  unnecessary  to  dwell, 
give  to  vortex  motion  a  s{>ecial  interest  and  importance.  Lord  Kelvin 
has  made  the  profound  and  remarkable  suggestion  that  the  atoms  of 
matter  may  be  vortex  rings  in  a  frictionless  liquid.  Whatever  the 
nltimate  fate  of  this  theory  may  be,  it  is  jastifie<l  as  affording  a  glimpse 
into  new  possibilities.  It  is,  at  all  events,  not  absurd  to  dream  that 
we  may  some  day  regard  matter  as  a  apei^ial  form  of  some  more  funda- 
mental substance,  Irom  the  comparatively  simple  projterties  of  which 
the  laws  of  chemistry  aud  physics  may  be  deduced.  Apart,  however, 
from  the  use  which  has  been  made  of  vorteses  in  this  aud  in  other 
ways,  as  afibrdiug  a  basis  for  the  explanation  of  physical  facts,  Yon 
Helmholtz  must  rauk  as  tho  discoverer  of  a  series  of  fundamental 
propositions  in  hydrodynamics  which  had  entirely  escaped  the  notice 
of  his  predecessors. 

During  the  last  years  of  his  life  Yon  Helmholtz  was  president  of  the 
" Pbysihalisch  Technische  IteichsauKtalt"  at  Charlottenberg.  In  1884 
ttie  late  Werner  Siemens  offered  £25,)HK)  toward  the  foundation  of  a 
State  research  laboratory.  The  ltei<:bstag  voted  the  necessary  addi- 
tioaa  to  this  sum.  The  institution  has  been  established  on  a  large  f 
Md  the  first  volume  of  records  was  published  in  March  of  the  pr 
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year.  The  preface  was  signed  by  Von  Helmholtz,  and  thus  the  career 
of  the  great  investigator  vas  fittingly  closed  by  the  InangnratiOD  of  a 
national  coUege  devoted  to  learning  and  research. 

In  a  brief  and  imperfect  sketch  snch  as  this  it  is  barely  possible  to 
give  an  idea  of  the  extent  of  the  work  of  Von  Helmholtz;  it  is  certainly 
impossible  to  do  jastice  to  its  fnloess  and  depth.  I  have  mapped  the 
directions  of  the  main  streams  of  his  thought.  Only  those  who  foUow 
tfaem  in  detail  t-an  ooact  the  Celds  they  have  fertilized.  In  the  coarse 
of  his  investigations  all  sorts  of  side  issues  were  stodied,  a  vast  nomber 
of  snbsidiary  problems  solved.  The  alertness  of  his  iutellect,  the  read- 
iness with  which  he  turned  from  one  science  to  another,  the  extraor- 
dinary ease  with  which  he  handled  weapons  the  must  diverse  and  the 
most  difficult  to  master,  the^  are  not  less  wonderful  than  the  catalogue 
of  his  nwin  achievemeuts. 

The  technical  merits  of  bis  work  will,  of  coarse,  be  appreciated 
chiefly  by  experts.  Special  knowledge  is  not  necessary  to  understand 
its  importance.  He  was  one  of  the  first  to  grasp  the  principle  of  the 
conservation  of  energy.  He  struck,  indepeudently  and  at  a  critical 
moment,  a  powerful  blow  in  its  defense.  He  penetrated  further  than 
any  bef(H«  him  into  the  mystery  of  the  mechanism  which  connects  ns 
with  external  nature  through  the  eye  and  the  ear.  He  discovered  the 
fimdameutal  properties  of  vortex  motion  in  a  perfect  liquid,  which  have 
since  not  only  been  applied  in  the  explanation  of  all  sorts  of  physical 
phenomena,  of  ripple  marks  in  the  sand  and  of  cirrus  clouds  in  the  air, 
but  have  been  the  bases  of  some  of  the  most  advanced  aud  pregnant 
"speculations  as  to  the  constitution  of  matter  and  of  the  Inmimferoas 
ether  itselC 

These  scientific  achievements  are  not,  p«-haps,  of  the  type  which 
most  easily  commands  general  attention.  They  have  not  been  utilized 
in  theological  warfare;  they  have  not  revolutionized  the  daily  bosiness 
'  of  the  world.  It  will,  however,  be  universally  admitted  that  such  tests 
do  not  supply  a  real  measure  of  the  greatness  of  a  student  of  nature. 
That  most  finally  be  appraised  by  his  power  of  detecting  beneatli  the 
complication  of  things  as  they  seem  something  of  the  order  which 
roles  things  as  they  are.  Judged  by  this  standard,  few  names  will 
take  a  higher  place  than  that  of  Hermann  von  Helmholtz.         ^ 
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By  Hblene  BoHFOBT. 


Wherever  the  investigating  niiodfl  of  Rcientista  are  at  work  promot- 
ing the  insight  of  man  into  tlie  mysteries  of  nature,  wherever  frieuda 
of  natural  philosophy  are  keenly  alive  to  the  importance  of  this  com- 
paratively new  field  of  stndy,  a  field  in  which  lie  some  of  the  most 
essential  interests  of  modern  civilization,  there  will  be  sincere  and 
deep  regret  over  the  death  of  a  young  jirofessor  whose  splendid 
career  came  to  an  antimely  end  on  the  first  day  of  this  year.  Prof. 
Heinrich  }Iertz,  of  the  University  of  Bonn,  in  Germany,  died  on  Jan- 
nary  1, 1894,  not  yet  37  years  of  age.  For  the  last  two  years  he  had 
not  been  in  good  health,  and,  though  nnder  the  treatment  of  his  capa- 
ble physicians  he  several  times  rallied  and  seemed  to  be  restored  to  his 
former  strength,  the  last  winter  brought  a  serious  relapse.  A  chronic 
and  painful  disease  of  the  nose  spread  to  the  neighboring  Highwore's 
cavity,  and  gradually  led  to  blood  poisoning.  He  was  conscious  and  in 
possession  of  his  fall  mental  power  to  the  last;  he  must  have  been 
aware  that  recovery  was  hopeless,  but  not  a  word  escaped  his  lips  that 
woold  have  shown  to  his  dear  ones  whether  hope  or  fear  filled  fais  heart. 
His  wife  and  his  mother  were  at  his  bedside  for  many  weeks,  giving 
bim  their  tenderest  care,  and  in  spite  of  his  continuous  Bufferings 
there  were  many  boars  of  genial  disconrse.  At  such  times  they  read 
to  him,  and  be  gave  himself  up  to  general  topics  and  to  matters  of  per- 
sonal interest  to  them,  displaying  even  yet  his  wonted  brightuess  and 
cbeerfnloess. 

Heinrich  Hertz,  bom  in  Hamburg  on  February  22, 1857,  was  the  eldest 
son  of  exceptionally  good  and  clever  parents.  Hia  father  was  at  the  be- 
ginning of  his  career  a  lawyer ;  in  due  course  of  time  he  ruse  to  the  posi- 
tion of  judge  of  the  supreme  court  of  appeal,  and  has  now  for  a  number 
of  years  been  a  senator  of  the  free  city  of  Hamburg.  The  childhood  of 
Professor  Hertz  was  subject  to  every  pure,  healthftil,  and  elevating 
influence  that  a  highly  capable  father  and  a  superior  mother-can  exer- 
cise. Both  of  them  gave  a  great  part  of  their  time  to  their  children; 
their  eldest  boy  espei^ially  enjoyed  the  advantage  of  their  companion- 
ship in  many  a  holiday's  lainble  through  the  green  fields  aud  woods,  and 
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in  tmy  winter  nigfau  Kpcnt  id  reading  Hoaier,  the  Gennao  c-lassicft,  and 
ocberbfMtlUy 

lo  fnsinng  throo^  tbe  high-wbcMJ  elaases  of  bis  natire  cil?  his 
predilMrtion  for  tbe  stody  of  natnral  science  eariy  asserted  itself. 
Wh«)evCT  a  new  coane  of  study  b^aa  and  a  new  text-book  was  pat 
iotA  tbe  bands  of  the  elasx.  the  Iwy  would  devote  every  leisnre  uMnnent 
to  tbe  pemsal  of  tbe  volame.  experimenting  freqoentJy  witb  apparatus 
made  by  himself  aiid  never  ceasing  nntil  he  eonld  tell  his  fatber,  ^^  I 
have  mastered  that  book,"  This  statement  always  proved  to  be  per 
fectly  correct.  In  spile  of  bin  decided  gift  for  natural  science,  Hertz 
elxweashts  vocation  ci\-il  engineering.  Bnt  when,  after  completing  bis 
stodies,  be  came  to  take  tbe  first  steps  toward  tbe  practical  execntion 
of  this  design,  be  felt  that  bi^t  choice  bad  been  a  mistake.  Hia  parenta, 
with  a  ready  jierceiflion  of  tbe  deeply  rooted  needs  of  bis  strong  and 
jiecnliar  nature,  whose  desires  they  would  not  think  of  thwarting, 
entered  into  bis  new  idea,  gave  him  their  approval,  and  furnished  him 
with  the  ne«;«»tsar]'  means.  So  he  set  out  on  a  new  coarse  of  studies  in 
mathematics  and  natural  science.  He  gave  himself  up  to  this  work 
heart  and  soul,  and  for  a  number  of  years  knew  no  other  object  in  life 
but  nn<«asiug  and  unrelenting  hard  work.  He  studied  physics  at 
Munich  and  Kerlin,  and  enjoyed  the  warm  r^ard  of  Professor  Helm- 
boltz.  In  1880  he  became  his  assistant,  and  at  his  instigation,  iu  1SS3 
nettled  down  as  a  "  privatdocent,''  or  professor  without  salary,  at  tbe 
University  of  Kiel.  It  was  from  this  time  on  that  he  made  the  science 
of  electricity  the  one  great  object  of  hix  researches,  the  main  pursuit  ot 
bis  life.  The  first  years  were  filled  with  investigations  relating  to 
elei'tric  discharges,  etc.  Tie  bnsied  himself,  above  all,  witb  the  new 
concept  ions  of  tlic  inner  mechanism  of  electric  phenomena  and  of  tbe 
connection  between  tlieM  and  the  phenomena  of  light  and  of  radiant 
beat.  Tiiese  conceptions,  origiuating  with  Faraday  and  Maxwell  in 
England  and  repreKented  in  Oermany  by  Helmholtz,  were  now  carried^ 
forward  by  I'rofensor  Hertz. 

His  I'cpntiitton  soon  spread  throngb  his  native  coontry,  and  he  was 
in  IH8.'>  called  to  the  Polytechnic  School  of  Karlsruhe,  which  for  vari- 
ous reaMoHH  became  very  dear  to  him.  One  of  its  attractions  was  the 
exceptionally  fine  and  well  endowed  laboratory  of  the  institution, 
which  furnished  the  most  desirable  facilities  for  nnlimtted  experiment- 
ing. At  Kai'lHrnhe  Professor  Hertz  found  a  wife  who  was  in  every  way 
alovelyandgraceful,devotcd,Hndhighly  intellectual  companion  to  him. 
His  life  was  fl-om  this  time  on  divided  between  the  pursuit  of  his  mam 
object,  the  progress  of  science,  and  borne  happiness;  both  he  and  bis  - 
wife  derived  rare  gratification  from  literature  and  tbe  beauty  of  nature. 
It  was  from  Karlsruhe  that  he  went  to  Heidelberg,  there  t«  enjoy  the 
proudest  moment  of  his  life,  iit  the  yeiir  1S89,  when,  greeted  witb  eothu- 
tiitstic  applause  by  moKt  ])romineiit  scientists,  be  stood  upon  the  plat- 
brill  tik  t-Aiider  an  account  of  his  researches  and  their  results.    Who 
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that  Aaw  him  there,  the  very  |ik'tiire  of  youthful  vigor  and  life,  could 
have  turbodeil  that  thiMte  fiue  uid  peuetratiDg  e>'e».  to  which  fur  the 
first  time  siuce  our  earth  tamed  aiunnd  its  poles  electric  waves  bad 
been  revealed,  were  i^o  softi^to  be  clowd  in  death ! 

Soon  l*rofe8sor  Hertz  received  flatteriDg  miU  to  the  moRt  prominent 
aniversities.  Ue  preferred  the  smaller  town  of  Bonn,  where  he  settled 
down  in  1)490.  even  to  Berlin,  the  capital,  becaase  what  be  sooght  after 
wan  the  most  aerioiu  and  fruilfii]  work,  not  glory  and  outward  advan- 
tage. In  Bonn  h«  Muxseeded  to  the  eminent  pfaygicixt.  Professor  Clan- 
sins.  This  was  in  itself  a  high  distinction  conferred  D|>on  eo  yoong 
a  man  as  Professor  Hertz.  CoiiKidered  all  over  Europe  asooe  of  the 
uoat  prominent,  be  was  looked  up  to  as  one  of  the  most  promising 
liters  in  the  science  of  electricity.  Not  only  had  hisowncoantiy  ctm- 
ferred  high  honors  npon  this  yonng  and  ardent  worker,  bat  the  chief 
academies  of  England,  France,  Italy,  AnKtria,  and  Kassia  now  crowned 
bis  efforts  with  prizes,  honorary  membershipii,  and  other  tokens  of  nni- 
versal  esteem  and  gratitnde. 

Dp  to  the  middle  of  this  centary  the  phenomena  of  electricity  and 
magnetism  had  been  only  iuade<|nately  explained  by  applying  to  them 
Newton's  law  of  gravitatioD,  and  asttertiug  that  in  the  same  way  as 
celestial  bodies  exercise  [>ower  of  attraction  at  a  distaooe  and  witboat 
the  intervention  of  a  medium  the  two  kinds  of  material  electricity  were 
attracting  and  repelling  each  other  while  passing  throagh  f^pM-e  or 
throngh  nonconductors. 

It  was  the  great  English  physicist  Faraday  who  first  iwaght  to  carry 
the  knowledge  of  electricity  to  a  higher  nitage  by  entering  upon  the 
I  study  of  phmiomena  with  a  mind  free  from  pnx-onceived  opinions  He 
pat  forth  as  the  foundation  on  which  to  base  new  tbiH>ries  his  ob^«tT»- 
tione  of  dectric  and  magnetic  forces,  their  iufluenee  upon  each  other, 
their  attractions  for  material  bodicK.  and  their  propa<ratioa  by  the 
transmission  of  the  excit^on  from  one  point  of  sjiace  to  another.  He 
questioned  the  assumption  of  space  being  void,  and  conjoclnreO  that 
the  ether  which  transmits  the  Inininoug  waves  suffers  modincatiitus 
perceived  under  the  form  of  electrical  and  magnetic  mauift-^^tathtns. 
His  dieooveries,  important  as  they  were,  gained  due  consideratiim  only 
wlien  Faraday's  great  countryman.  Maxwell,  treated  the  sanie  mK 
ject  in  a  purely  scientific  and  theoretical  way,  publishing  in  l?4o  Ins 
HathemaUcal  Theory  of  Light.  The  nature  and  prujienies  of  ftb«r  W 
left  undecided,  and  they  form  to  this  day  dominant  <}ne-.->lions,  desiinft). 
it  seems,  ultimately  to  reveal  the  (leei>est  secrets  of  naiond  ^Jisikw. 
Maxwell  labored  to  confirm  the  connection,  surmised  by  Fara.iAy, 
between  light,  electricity,  and  magoetism;  the  idea  of  vclix-ity  now 
entered  the  theory  and  became  of  supreme  iuijiort&Dce.  Maxwll 
UTived  at  the  conclusion  that  the  velocity  of  elntrooM'tii^  in  a  $-i>-('ji 
medium  most  be  identical  with  the  velocity  of  light  in  ihe  saine 
Bitidiam,  and  that  therefore  ether,  being  ouotaiued  in  all  i<And(sral>)e 
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bodies,  would  haye  to  be  looked  iipoo  as  the  condnctor  of  electric 
motion  and  power.  Consequently  the  periodical  motions  of  ether,  vbich 
oar  eye  conceives  as  light,  and  which  he  figared  as  transversal  waves, 
were  considered  by  Maxwell  to  be  at  the  same  time  nndnlations  of 
electricity.  These  conceptions,  unproved  by  experiment  aa  Maxwell 
left  them,  had  merely  the  value  of  a  scientific  hypothesis  emanattog 
from  a  man  of  rare  genius.  To  have  proved  them  facts,  and  thereby 
to  bare  united  two  vast  and  highly  important  domains  of  nataral  phi- 
losophy, is  the  lasting  credit  of  Professor  Hertz. 

The  complexity  of  phenomena  of  light  and  electricity  and  the  insuffi- 
cient opportunities  afforded  by  the  laboratory  for  deductions  of  such 
magnitude  rendered  the  obstacles  barring  the  road  to  exact  observation 
well-nigh  insurmonatable.  Many  of  the  best  and  ablest  nataralists 
were  laboring  to  cope  with  these  dlfScuttiea  Two  English  scientists  of 
highest  standing,  Prof.G.  F.  Fitzgerald  and  Dr.  O.  T.  Ijodge,  were  during 
the  eighties  occupied  with  experiments  for  the  investigation  and  meas- 
urement of  electric  waves.  But  it  was  reserved  for  Hertz  to  discover 
and  apply  with  marvelous  ingenuity  the  necessary  "detector,"  a  reso- 
nating circait  with  an  air  gap,  the  resistance  of  which  is  broken  down 
by  well-timed  impulses,  so  that  visible  sparks  are  produced.  After  an 
unceasing  course  of  experiments,  in  which  he  manifested  indefiitigable 
energy  and  a  wonderful  faculty  of  rcacbing  the  very  essence  of  the 
matter,  he  succeeded  in  deciding  the  questions:  Is  the  propagation  of 
electrical  and  magnetic  forces  instantaneous  T  and  farther,  Can  elec- 
trical or  magnetic  effects  be  obtaiued  directly  from  tigbtt  The  paper 
"On  very  rapid  electric  oscillatious,"  which  was  published  in  1887,  was 
the  first  of  a  splendid  series  of  researches  which  appeared  in  Wiede- 
mann's Annalen  between  the  years  1887  and  1890,  and  in  which  Hertz 
showed  with  ample  experimental  proof  and  illustration  that  electro- 
magnetic actions  are  propagated  with  finite  velocity  through  space. 
These  twelve  epoch-making  papers  were  afterwards  republished — with 
an  introductory  chapter  of  singular  interest  and  value,  and  a  reprint  of 
some  observations  on  electric  discharges  made  by  Von  Beeold  in  1870 — 
under  the  title  Untersuchungen  iiber  die  Ausbreitung  der  elektrischen 
Kraft.  A  translation  of  this  book,  entitled  Electric  Waves,  by  D.  B. 
Jones,  B.  Sc,  with  illustrations  and  a  preface  by  Ixtrd  Kelvin,  has  just 
been  published  in  England. 

In  1889,  when  laying  before  the  Congress  of  German  Naturalists  at 
Heidelberg  the  results  of  his  labors,  Professor  Hertz,  with  the  modesty 
characteristic  of  the  true  investigator,  the  utterly  unassuming  disciple 
of  science,  gave  ready  and  graceful  acknowledgment  to  the  eiTorts  made 
by  his  predecessors  or  eooperaters  in  the  work,  some  of  whom  had  all 
bnt  attained  the  results  which  they  aimed  at  and  which  he  achieved. 
It  is  pleasant  to  recollect  that  when  he  had  gained  the  end  toward 
which  they  also  had  been  striving,  the  English  professors,  Oliver  Lodge 
and  Fitzgerald,  were  foremost  in  announcing  his  success,  and  in  prepar- 
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ing  the  English-speaking  world  Ut  appreciate  the  importance  of  his  dis- 
coveries. A  natural  beiit  of  miud  toward  the  questions  at  issae  had 
awakened  the  yoang  professor's  creative  powers;  his  complete  concen- 
tration npoD  the  vital  point  and  his  intnitive  perceptions  led  him  to 
definite  results  and  complete  success  where  so  many  able  miods  had 
searched  in  vain.  In  the  April  number  of  this  magazine  Herbert 
Spencer,  spealiing  of  the  late  Professor  Tyndall,  gives  a  number  of 
traits  that  apply  with  singular  force  and  exactness  to  Professor  Hertz. 
Of  these  the  first  is  "the  scientific  use  of  the  imaginstiou."  It  may 
well  be  said  that  with  this  constructive  imagination,  as  Mr.  Spencer 
terms  it,  originated  Professor  Hertz's  rare  success  as  a  discoverer  and 
as  an  instructor. 

To  find  ont  the  most  effective  arrangement  of  elrotrical  conductors 
an<i  to  secure  the  conditions  which  woald  produce  the  strongest  vibra- 
tions at  regular  intervals  and  in  quickest  succession,  we  might  eay  the 
adjostment  of  his  instruments  was  the  first  part  of  bis  work.  Having 
bronght  abont  electric  undulations  up  to  several  hundred  millions  in 
one  second,  Hertz  proved  through  e£]>erijuent  that  the  waves  of  elec- 
^city  are  transversal  like  those  of  light,  and  that  the  transmission 
requires  a  certain  lapse  of  time.  He  ascertained  exactly  the  velocity 
of  electricity;  it  is  found  by  multiplying  the  length  of  wave,  which  he 
measured,  by  the  duration  of  the  vibration,  which  can  be  calculated, 
and  he  found  this  velocity  to  be,  as  Maxwell  bad  supposed,  equal  to 
that  of  light,  and,  moreover,  equal  to  the  velocity  of  electric  waves  in 
metallic  wires.  The  grand  consequence  of  this  last  discovery  was  the 
cognizance  of  a  new  fact,  that  what  had  hitherto  been  considered  us  a 
current  of  electricity  in  a  wire  is  really  a  movement  along  the  surface 
of  the  wire.!  Maxwell's  magnetic  theory  of  light  found  further  cor- 
roboration by  the  experimental  demonstration  of  electric  power  as 
propagating  fivm  its  center  in  waves  similar  to  sound.  The  electric 
nndolations  are  subject  to  the  same  process  of  reflection,  re&action, 
absorption,  etc,  as  the  rays  and  waves  of  light,  from  which  they  are 
in  the  end  distinguished  only  by  their  considerably  greater  length, 
measured  sometimes  by  kilometers.  The  crowning  experiments  of  this 
course  finally  changed  what  had  hitherto  been  looked  upon  as  a  coin- 
cidence between  two  orders  of  distinct  phenomena  into  a  demonstration 
of  identity.  By  gathering  the  electric  spark  in  the  focus  of  a  large 
concave  mirror,  whence  it  came  forth  iu  the  form  of  a  rectilinear  beam, 
the  properties  of  the>electric  ruy  were  shown  to  be  identical  with  those 
of  a  luminous  ray,  the  former  producing  phenomena  which  have  here- 
tofore been  observed  only  in  light — those  of  polarization.  This  result 
renders  all  theorizing  on  the  matter  suitertinons;  the  identity  of  the 
two  powers  springs  from  the  experiment  itself;  ocular  proof  is  produced 
for  the  proposition  that  light  is  in  Its  very  essence  an  electrical  phe- 
nomenon, whether  it  be  the  light  of  the  sun,  of  a  caudle,  or  of  a  glow- 
worm.    Sappresa  electricity  in  tbe  auiveise,  light  would  disappear, 
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Soppress  the  Inmiuiferoos  ether,  electric  and  magnetic  forces  would 
cease  to  act  through  spnce.  Even  a  body  uot  casting  light  can  be  a 
center  of  electrical  action  if  it  radiates  heat.  Electricity  therefore  pos- 
sesses all  nature  and  even  man.  The  eye  itself  is,  in  fact,  an  electrical 
organ. 

The  influence  of  this  new  system  of  physics  upon  the  development  of 
natural  s(^ieu<^e  and  the  manifold  applications  in  practical  life  of  which 
it  is  capable  can  not  easily  be  overrated.  Only  recently  a  new  applica- 
tion of  Hertz's  discovery  was  made  by  an  American,  who  is  trying  to 
develo])  photographs  by  the  agency  of  the  Hertzian  waves,  as  science 
has  named  them — that  is,  by  electricity  instead  of  light.  Hertzian 
waves,  Hertzian  investigations,  apparatna,  and  methods  form  hence- 
forth an  essential  part  of  all  hand  and  text  books  of  electricity.  The 
facta  established  by  Hertz's  experiments  have  been  molded  into  a  math- 
ematical formula  by  their  author,  who  in  this  purely  theoretical  work 
also  has  shown  himself  to  be  a  master-Jif  high  genina  in  the  realm  nf 
abstract  science.  There  is  at  present  in  presa  and  will  soon  he  issued 
ByT.  A."Bi«th,  at  Leipsic,  a  comprehensive  work,  entitled  Principles  of 
Meclianics  in  a  New  Connection,  found  among  his  unpublished  papers 
at  the  death  of  Proi^ssor  Hertz.  Its  appearance  is  eagerly  watched 
for  by  the  scientific  world. 

However  highly  his  own  time  and  posterity  may  prize  the  man  of 
science,  the  great  discoverer,  in  Professor  Hertz,  his  value  as  auch  to 
the  world  at  large  does  not  surpass  that  of  the  rare  purity  and  great- 
ness of  his  character,  of  the  intrinsic  merit  which  he  possessed  for 
those  who  knew  him  personally.  A  world-wide  reputation  so  rapidly 
attained  might  have  produced  in  the  young  man  some  feeling  of 
elation  and  pride  and  in  his  colleagues  somewhat  of  envy.  But,  as 
Prof.  Hubert  Ludwig,  representing  the  TJniversity  of  Bonn,  at  ProfeRSor 
Hertz's  funeral  in  Hamburg,  said  in  his  memorial  speech: 

"  The  ricli  harvest  of  fame  and  glory  which  was  granted  faim,  and 
that  was  so  fully  merited  as  not  to  he  tainted  by  a  single  breath  of  envy 
or  jealonsy,  never  canaed  him  to  give  up  one  atom  of  the  noble  sim- 
pli<iity  and  genuine  modesty  which  were  a  fundamental  trait  of  his 
character.  His  modesty  was  a  must  lovable  quality  in  this  great  man, 
asserting  itself  not  only  in  everyday  life,  but  also  in  his  scientific 
labors,  which  it  pervades  with  the  endearing  charm  of  an  amiable  per- 
sonality. It  was  coupled  with  the  moat  conaiderste  indulgence  wheu 
judging  others.  His  ever-ready  recognition  of  other  people's  merits 
made  it  a  sheer  imxwssibility  to  grudge  him  his  attainments  or  to  be 
his  enemy. 

,  '  None  knew  him  bnt  to  love  liim, 

'  None  uamed  him  bnt  to  prus«.' 

At  the  same  time  he  was  governed  by  an  inflexible  veracity," 

He  was  indeed  a  most  lovable  man,  and  was  never  happier  than  in 
giving  pleasure  to  others.  His  kindness  and  benevolence  found  expres- 
sion in  many  ways,  most  of  all  toward  those  above  whom  he  was  placed 
as  head  of  his  department  in  the  university.    It  was  a  pleuore  to  notice 
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his  satisfaction,  when  lie  fouud  it  in  accordance  with  bis  dnty,  to  confer 
a  benefit  or  favor.  And  when  it  was  incumbent  iipoD  him  to  r«fase  or 
displease,  he  became  the  director  who  i>erformed  his  duty  trnd  tbe 
friend  who  regretted  what  had  to  be  dooe.  He  was  always  ready  to 
show  liospitality  to  scientific  men  who  came  to  Bonn  from  other  parts 
of  Uemiany  or  from  foreign  coantries.  Even  noder  the  restraint  of  a 
foreign  tongue  {he  spolie  English  and  French  with  considerable  flneocy) 
his  conversation  was  charming.  Mot  what  he  had  achieved  gave  him 
bis  ascendency  in  scieutiflc  discourse,  but  what  be,  beyond  a  thousand 
learned  men, could  achieve  at  any  timtt^original  and  sagacious  thoughts, 
springing  up  on  the  spnr  of  the  moment,  and  losing  none  of  their  force 
by  being  expressed  in  the  most  unpretending,  simple  form.  When 
entertaining  friends  or  conversing  with  his  dear  ones  he  perfectly  for- 
got the  learned  professor  in  himself;  be  was  so  much  at  his  ease,  so  fall 
of  fun,  that  none  around  him  could  help  sharing  his  gayety.  Many  of 
liis  guests,  prominent  men  of  science  as  well  as  students,  will  always 
remember  with  pleasure  and  gratitude  delightful  trips  made  with  Pro- 
fessor Uertz  to  the  Siebengebirge  or  evenings  of  genial  intercourse  at 
his  house  in  the  Qoantiasstrasse  at  Bonn.  Absolntely  devoid  of  any 
desire  to  pose  before  the  public,  the  profcRsor  sometimes  astonished 
stndeuts  newly  entered  for  his  lectures  by  putting  in  a  bit  of  humor 
where  they  bad  expected  abstract  instruction;  bnttheysoon  fouud  them- 
selves none  the  worse  for  it.  Some  simple  word,  a  casual  remark  made 
as  if  it  were  a  self  understood  thing,  from  bis  lips  did  more  toward 
improving  the  mind  of  his  audience  than  a  long  lecture  from  another. 
He  was  not  a  scientist  inculcating  one  8i>ecial  branch  of  knowledge; 
be  was  a  thinker.  To  be  considered  an  authority,  even  by  the  youngest 
beginner,  was  an  idea  that  never  entered  his  mind.  In  the  congenial 
atmosphere  of  advanced  classes  new  idens  and  conceptions  seemed  to 
riseiu  him  and  flow  from  his  lips  as  though  there  conid  be  no  easier 
thing  in  the  world.  He  was  at  his  very  best  when  propounding  a 
problem  to  this  small  circle,  showing  how  he  would  attack  it.  None, 
however  capable,  but  could  profit  by  his  teaching;  genius  itself  seemed 
to  prompt  it. 

With  penetrating  perspicacity  he  took  hold  of  his  problems.  As  a 
veritable  disciple  of  natural  science  be  stro^'e  to  accomplish  bis  ideal 
ends,  although  by  means  of  theory,  which  he  completely  mastered,  yet 
not  merely  by  theory  and  not  for  ber  sake  only;  what  he  aimed  at  first 
and  last  was  the  most  accurate  establishment  of  facts.  Perva<led  as 
bis  strong  personality  was  by  an  absorbing  love  of  his  science,  the  rare 
harmony  of  his  nature  kept  him  equally  from  an  exaggerated  enthusiasm 
and  from  prosaic  dallness.  An  uncommonly  gr^at  number  of  viiluable 
researches  made  at  the  Physical  Institute  at  Bonn  during  the  short 
time  of  his  leadership  prove  his  rare  capacity  and  untiring  eagerness 
to  incite  young  talents  to  the  best  possible  application  of  their  faculties 
and  so  pave  the  way  for  their  success  in  research.    But.in  a  wider 
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sense  of  the  word  we  may  call  biH  disciples  all  those  physicists  who 
are  at  this  tnomeut  and  will  be  fot  a  long  time  occupied  in  exploring 
the  provinces  which  he  was  the  first  to  open.  In  this  sense  almost 
one-quarter  of  all  living  physicists  call  themselves  Professor  Hertz's 
followers. 

The  honors  paid  at  bis  fdnefid  to  the  memory  of  this  yoan^  and 
ardent  worker  were  exceptionally  great.  He  was  baried  in  his  native 
city,  Hamburg,  where  the  most  widespread  sympathy  for  his  family  and 
the  deepest  regret  over  his  toss  were  shown.  From  Bonn,  Karlsrahe, 
and  Berlin  came  friends,  colleagnes,  and  students,  some  of  them  officially 
representing  their  colleges.  Tlniversities  and  prominent  men  from  aU 
parts  of  oar  globe  have  sent  messages  of  esteem  and  sympathy  to  the 
wife,  the  parents,  and  the  University  of  Bonn.  It  may  be  questioned 
whether  such  utterances  of  sympathy  and  respect,  mnch  as  they  tend 
to  make  mankind  feel  itself  as  one,  can  offer  consolation  to  those  whose 
bereavement  is  greater  than  words  are  able  to  convey.  However,  what 
Hr.  Lowell  said  in  one  of  his  simple  and  admirable  memorial  addresses 
is  certainly  txne: 

*'It  may  seem  paradox,  but  the  only  alleviation  of  such  grief  is  a 
sense  of  the  greatness  and  costliness  of  the  sacrifice  that  gave  birth  to 
it,  and  this  sense  is  brought  home  to  us  by  the  measure  in  which  others 
appreciate  our  loss." 

Prof.  Hubert  Ludwig,  of  Bonn,  uttered  the  last  farewell  at  the  grave 
of  his  friend  and  colleague.  He  expressed  the  sentiment  of  those 
grieving  at  his  bier  in  these  final  words: 

"This  loss  is  so  great  that  we  are  tempted  to  recall  the  old  saying  of 
the  envy  of  the  gods.  But  in  this  solemn  hour  let  as  resolutely  banish 
such  temptation,  and  instead  of  rebelling  against  destiny,  let  as  at  the 
open  grave  of  this  God-iuspired  investigator  bow  low  our  heads  and 
hearts  before  the  ioscrutable." 
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